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PURPOSES IN I^IEDICAL RESEARCH 

An iNTRODtrcnoN to the Jotjekal ot Cukical Investigation 
By ALFRED E COHN 

{Frmr lie Hospital of the RoclifelJer Institute for Medfcal Research j Kcx Yorh) 

Custom has varied m the history of medical journalism, certam 
journals were mtroduced to their readers without exphat statements 
by their editors of the purposes which the new pubhcations were 
to serve In these instances it was left to chance or to the general 
knowledge of the contemporary pubhc to find within its pages a 
justification for the new venture Other journals have been exphat 
m the avowal of their objects Both methods have advantages, 
both have disadvantages In a disaphne as old as medicme, which 
has contmuously engaged the profound interest of men for as many 
centuries as has any of the other subjects m which men have exercised 
curiosity and the desue for knowledge, it is fitting m the mterests of 
definiteness and with the view of makmg an exact statement of our 
conceptions, as well as in attemptmg to antiapate the natural inquiry 
of our contemporanes, to define the motives which suggest this new 
pubhcation 

There is a pitfall here, which should be avoided In the attempt to 
explam the purposes which actuate the pubhcation of a new journal, 
the unpulse may be, as Naunyn^ pomted out in the case of Wimder- 
hch, to make too prease the hnuts within which the thought which 
underhes the undertaking is to be confined The doors in medicme 
must naturally be kept open so that influences, no matter whence de~ 
nved, may contribute then share to the understandmg and eluada- 
tion of the problems which constitute the proper provmce of medi- 
ane But that a danger hes here history has made amply apparent 
For there has ne\ er been a time either m the anaent or m the modem 
world when medicme was far remoi ed from the influences of neighbor- 

^ Kaun>*n B , Deut Arch f Urn Med 1922, ad, 1-27 Die deutsche He3- 
kundc vom Anfang des neiinzehnten Jahrhundert 
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ing disaplmes It has in point of fact often benefited by importing 
for its own gmdance the conceptions which prevailed m other domams 
of mquiry, whether these conceptions were borrowed from the physical 
or from the biological world But it has also suffered from this habit 
The latest bondage into which medicine was led and from which it 
was freed less than a century ago was due to the influence of roman- 
tic metaphysics at the beginnmg of the 19th century The record of 
the history of medical progress gives us no assurance that, without 
constant watchfulness, we shall escape in the future enticements from 
the proper direction which thought and activity might pursue m the 
study of human disease 

Smce the renaissance, men of saence have mdeed been contmu- 
ously eager to escape from those influences which tended to focus their 
mterests on the contemplation alone of natural phenomena and have 
sought, under the stimulus supplied by Franas Bacon, to enlarge 
knowledge by coming actually into contact with the facts and forces 
of nature But they have likewise been ahve to the dangers m- 
herent m this pursmt, for side by side with the collection of facts and 
the makmg of experiments, rules were sought by the apphcation of 
which saence nught m some measure be assured that m the manage- 
ment of its discovenes it was proceeding along paths which led to 
correct generalization That is to say, the method of deduction m 
natural saence as the sole method of mvestigation was finally aban- 
doned and the method of mduction, of experiment, was added It 
was soon found that even this reform did not suffice, i nfini te expen- 
mentation might very well produce facts m endless vanety But 
facts, divorced from meanmg have never for long periods of time held 
the attention of men Science has constantly insisted on arranging 
facts m order, with the view to arriving at some statement of their 
significance How soon after the time of Bacon this problem came 
prominently mto the view of experimental saentists the foUowmg 
observations of Boyle^ show 

if men could be perswaded to mind more the Advancement of 
Natural Philosophy than that of their own reputations, 'twere not me-thinks very 
uneasie to make them sensible, that one of the considerablest services that they 


* Boyle, R , Certam Physiological Essays, London, 1661, 8-9 




i\i;FRED E COHN 


3 


could do T^Iankind were to set themselves dfligentl> and mdustnously to make 
Experiments and collect Observations, without bemg over-forrard to establish 
Pnnaples and Anoms, beheving it uneasie to erect such Theories as are capable 
to explicate all the Phaenomena of Nature, before the^. have been able to take 
notice of the tenth part of those Phaenomena that are to be exphcated Not that 
I at all disallow the use of Reasonmg upon Experiments, or the endeavounng to 
discern as earlv as we can the Confederations, and Differences, and Tendenaes of 
thmgs For such an absolute suspension of the exercise of Reasoning were ex- 
ceedmg troublesome, if not impossible so m Physiolog> it is sometimes 

conducive to the discovery of truth to permit the Understandmg to make an 
Hypothesis m order to the Exphcation of this or that Difficult> , that b> examining 
how farre the Phaenomena are, or are not, capable of bemg salved b\ that Hypo- 
thesis, the Understanding ma> ev^n b> its own Errors be instructed For it has 
been truly observed b> a great Phflosopher, That Truth does more easil> emerge 
out of Error than Confusion That then that I wish for, as to Systems, is this. 
That men m the first place would forbear to establish any Theory, tfll the> have 
consulted with (though not a fully competent Number of Experiments, such as 
may afford them all the Phaenomena to be exphcated by that Theor> , yet) a 
considerable number of Experiments in proportion to the comprehensiveness of 
the Theory to be erected on them And in the next place, I would have such 
kind of superstructures look’d upon onl\ as temporary ones, which though the> 
may be preferred before an> others, as bemg the least imperfect, or, if > ou please, 
the best m their kind that we yet have, x et are they not enUrel> to be acqiuesced 
m, as absolutely perfect, or imcapable of improving Alterations 

Mediane has shared this interest m arrangement with the rest of 
saence The significance of Sydenham is to be found precisely m this 
connection But how inadequate arrangement is m itself m the 
attempt to amve at significance is to be observed m the further ex- 
tension of his method by the later systematists, Sauvage and Linn6 

Activity m certam other directions has likewise resulted m disap- 
pomting expenence This result is seen, for instance, m the apphca- 
tion to medicme of methods developed m other fields of inquiry Il- 
lustrations of the futihty of this sort of activity are to be found m the 
work of Borelh and the latro-mathematical school, m that of van 
Hehnont and the latro-chemists, and m that of Boerhaave, Cullen and 
others in attempts to mtroduce isolated methods of measuring, as 
for instance of temperature, mto the study of disease In the first 
instance, methods were used which perhaps could not lead to an under- 
standing of morbid phenomena, m the second, the methods were m 
pomt of fact not dex eloped suffiaently to render profitable their 
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application to disease processes Methods of induction if used alone 
failed, when they were merely borrowed, just as had the method of 
deduction Medicme was not alone in these expenences Indeed, 
if we are to credit reporters of the history of other sciences, similar 
expenences have been encountered m them so that it is now a general 
conclusion that, m order to achieve development in natural saence, 
both methods should be employed 

It IS a noteworthy observation that just at the tune when Borelh, 
van Helmont, and others were seekmg to advance medicme by un- 
portmg into it the developments made in other disaplmes and were 
meetmg with what proved to be mdifferent success, parallel develop- 
ments were takmg place due to the work of men whose mterest ong- 
mated m speculation aroused pnmanly by cunosity as to the behav- 
ior of the body itself Out of this cunosity came the genmne advances 
of Mayow, Harvey and Sydenham But the employment of a method 
presupposes that maproposed mquiry the use of the method selected is 
advantageous m the solution of the problem It has just been pomted 
out that medicme has before now been urged to adopt methods 
beheved either by others or by medical men themselves to be advan- 
tageous m medical research Error lay at the basis of this behef 
That was true of the nature philosophers m Germany, with the result 
that for a generation medicme became a branch of metaphysics 
That was true of the mechamcs and mathematics of the 17th century 
when apphed to medicme under the influence of Borelh, it was true 
of chemistry “apphed” to mediane by van Helmont The same 
erroneous program was proposed by Johannes Muller when he and his 
successors urged the ‘ 'apphcation” of physiology to medicme Math- 
ematics, mechamcs, physics, chemistry, physiology as independent 
disaphnes has each had its proper objects of mquiry, all have been 
aware of then appropnate problems m the phenomenal world Their 
signal achievements are the common knowledge and have been the 
wonder of all men Nor can there be doubt that the mterest which 
their pursmt has aroused has exerted profound influence on medicme 
itself But the primary objects of mterest m medicme cannot properly 
be stated m terms appropnate to them 
Medicme must, like the other saences, be properly credited with 
havmg specific objects of mterest on its own account If it is true that 
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medicine has not always been clear as to what these objects are, this 
may be due to the fact that the defimtion of its objects has not al- 
ways been clear It may perhaps be for this reason that it has so 
often been deflected from the straight path of its proper pursuit. For 
it cannot be the object of medicme or of any other disaplme to ^ ^ap- 
ply” the methods of other saences to itself, whether of anatomy or 
physiology, whether of physics or chemistr>^ Medicme in the light 
of its history might properly pause at each new stage of its develop- 
ment and make the attempt to define for itself its legitimate scope and 
objects It might do what Sir Philip Sidney said he had done m de- 
admg how he had best wnte 

Fool I said my muse to me, look in th> heart, and wnte 

If it attempts to do so now it will not be the first time that mediane 
has followed the advice of Sidney We have, as all those interested 
m the progress of medicme know, for some time been mquinng whether 
medicme is entitled to be called a saence To us the answer to this 
question is dear and imeqiuvocal It is dear because of the nature 
of the case The phenomena of mterest in medicme are the phenom- 
ena of disease as these are manifest m affected persons They are 
phenomena which exist as concrete entities m nature, they are indi- 
visible, and they fall within the provmce of no other mquiry They 
constitute the proper concern of medicme Kor arc the phenomena 
of disease the combmation or resultants merely of other forces They 
are not the resultants of forces known m physics and chemistry, nor 
in physiology and mathematics, nor the resultants of any combma- 
tion of these Rapid and shallow breathmg for instance, as an ap- 
pearance familiar m disease, may depend on a derangement of the 
familiar Henng-Breucr reflex, or it may depend on anoxaemia, or it 
may depend on a high hydrogen ion concentration But irrespec- 
tive of how this type of breathing is conditioned, it remains a unique 
phenomenon, c\en though the terms m which it is characterized 
arc anatormcal or physiological or chemical Anatom> or phj’siology 
or chemistry may supply the methodology for anal>2ing the occur- 
rence, but the occurrence is something apart from and o\er and 
above the factors into which it can be resoKed Heart failure pre- 
sents the opportumty of another illustration Phenomena are the basis 
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of a science, not the techniques by which phenomena are eluadated 
Those of disease are, as has been said, indivisible phenomena, as 
mdivisible as are those of botany or zoology or paleontology ^^dlen 
we come to the question of how to investigate them we find that they 
are to be studied by no single methodology any more than are those 
of the saences just mentioned The methods to be employed are 
those which are appropnate to illuminating the specific problems m 
question In paleontology, the methods may be those of geology or 
comparative anatomy or petrology, m biology, they may be those 
of physiology or chemistry or physics 
“The aim of medicme,” says Laennec,® “is the cure of disease ” 
And he added that there were a multitude of ways by which this end 
might be attained He smgled out three espeaally for mention, that 
of the empiricists, who considered it sufficient to distmgmsh diseases 
by their apparent signs, second, that of those who beheved it possible 
to disclose the causes of disease without giving themselves the trouble 
of learmng their effects, and third, that of those who beheved it was 
necessary to understand the diseases We should perhaps add by 
way of mterpretmg or perhaps of supplementmg Laennec’s meamng, 
that we beheve it necessary as the basis of therapeutics to understand 
the mechamsms, that is to say, the processes which underhe the mam- 
festations of disease, for it is these which it is one of our functions to 
attempt to correct That is our practical aim We have learned a 
lesson also in another direction It is that, as m other disaphnes, 
learmng may be pursued for its own sake And the reason for this 
IS two-fold Men have learned that the direct is not always the short- 
est road to the attainment of their objects It is true that results 
ultimately of practical value have issued from disinterested learmng 
But this argument still is based on utihty and leaves many persons 
unbued with natural curiosity without enthusiasm It is perhaps 
not unfair to say that these dismterested students have not been 
made welcome m medicine as they have been in other departments of 
learmng And this is a defect m om organization even if it represents 
no defect in our conceptions The problems of disease offer legitimate 
objects of mqmry as do problems m physiology and may be pursued 

'' Laennec, R T H , Archives Generales de Medicine. 1823 i, 5 
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in the same spirit The illxlmination which has resulted from study 
of this kmd requires no defence Its value m the development of 
saence is suffiaently established 

Medicme has not always given so frank an answer as to its function 
as the answer of Laennec, on occasion bemg over modest, on occasion 
being overwhelmed by the meagreness of its own success m compan- 
son with that of other saences, on other occasions still, bemg imper- 
fectly aware of its purpose If we adopt the aim of medicme as Laen- 
nec stated it we may still fail to agree, as he mtunates, on how this 
object IS to be attamed On certam prehmmary matters, howe^’’er, 
we cannot fail to agree First, we must continue to classify diseases 
Second, we must pursue our studies by the methods common to the 
natural saences For havmg drawn our attention afresh to the un- 
derl)ang importance to be attached to the procedure of classification 
proposed by Sydenham we are mdebted to Professor Faber of Copen- 
hagen No one now mterested m disease, would willingly dispense 
with the aid which has been gamed by the identification and group- 
mg of diseases It is necessary only to refer to the fevers to see how 
by their groupmg, knowledge or perhaps better understandmg of them 
has been gamed The need for contmumg this activity is still present 
Facts and relations are contmuously bemg discovered, new categones 
are still bemg suggested The arrangement and classification of these 
often precedes the development of adequate knowledge for then com- 
prehension. The significance of nosology for hygiene is immediately 
apparent Hygiene has qmddy learned its lesson It has learned, 
where it has been successful, that the control of disease depends on 
preventmg the entrance mto the body of disease producmg agents by 
mgestion or by controUmg the habits of mtermediate hosts Further 
than this the classification of fe\ ers occasioned the first great success 
of nosology m the domam of therapeutics Certam directions m 
which effort may be expended have now been clearly mdicated But 
the success of nosolog^’^ m other groups of disease has not ^’'et been 
clearly displayed Other categones ha\e mdeed been separated, 
depending on disturbances either of the organs or of s>"stems and re- 
lations withm the body And, finall>, we ha\e come to recogni^ 
still others which depend on heredity or on constitutional organiza- 
tion It is necessary only to mention psychic disturbances and m- 
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sanity to appreaate the fact that these, since the time when they were 
admitted to be diseases, have been treated as constitutmg a separate 
group 

Viewed from a different angle it has been customary to regard dis- 
eases as falhng mto groups depending on their duration, on their 
bemg either acute or chrome A relation to the possibility of recovery 
has usually been implied, but is not yet clearly defined The acute dis- 
eases, it IS scarcely necessary to say, include the fevers, the commum- 
cable diseases, and although usually not brief in duration, tuberculo- 
sis, syphihs and rheumatic fever may be grouped here In this group 
the etiological agents are either already known or the behef is enter- 
tamed that their discovery is possible and awaits the use of smtable 
methods for the purpose Indeed the success m treatment which has 
akeady attended the discovery of the etiological agents in this group 
has been the basis for the behef that the discovery of their etiology 
is the key to the solution of the therapeutics of disease in general 
In this expectation it is possible even now to see an error unless the 
consequences of an mjury can be prevented either at the time of onset 
or m an early stage after the injury is received So happy an outcome 
may, however, not always be possible in states which involve consti- 
tutional manifestation, or faulty “anlage” and the infirmities of old 
age For some of these, medicme must stiff be under the necessity of 
providing rehef , for others, such as exophthalmic goitre, of the means 
of providing correction, and of others stiff, such as diabetes, of pre- 
venting its occurrence In the case of the so-called chrome diseases, 
in Bright’s disease, heart disease, and chrome degenerative diseases 
of other organs we may perhaps look forward to the time when, should 
they prove to be preventable, a technique for accomphshmg this result 
becomes available But that time is not yet Therapeutics must 
perforce concern itself therefore with the later states in the abnormal 
conditions which succeed those attendmg the infliction of mjury and 
the early stages when the arrest of its operation may still be possible 
It IS unnecessary to recall the fact that a difficulty anses in the cir- 
cumstance that the early stage is often not to be detected An m- 
stance of this difficulty is seen in the estabhshment of rmtral stenosis, 
the detection of which may be delayed for several years after an in- 
fection so slight as scarcely to have aroused anxiety, or of Bnght’s 
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disease, many years after the patient has passed through an attack of 
scarlet fever so mild as to have been detected only by the occurrence 
of a contact infection In the later stages, Tvhen they can be detected, 
the therapeutics of diseases of this nature, that is to say of the heart 
and the kidneys, are no longer to be managed on the basis of etiology 
These diseases constitute new states, the management of which must 
be undertaken with the new set of circumstances in \aew So far etio- 
logical classification has been an approach to therapeutics m the group 
of commimicable diseases only, where control is assoaated with pre- 
vention, or with the destruction of the causative agent m the host, 
the problem is that of the control of a foreign substance mtroduced 
mto the body, the damage from which is combatted either with or 
without stimulation of the physiological reserves which the body can 
provide The problem is the problem of mvasion, it differs from the 
problem of contmuous adjustment and control which derangements 
of the functions of organs and of bodily systems necessitate 
Accurate classification and a knowledge of the processes of dis- 
ease and their rehef and cure are then the proper objects of mquiry 
m medicme No other disaplme is, as has been said, primarily con- 
cerned with disease, nor has it contact with patients who exhibit the 
manifestations of disease On account perhaps of the soaal impor- 
tance of epidemic diseases, bactenologists as apart from phj’siaans 
have it is true busied themselves with the communicable affections 
But the diseases due to microbic agents ha\e after all a cunous ex- 
ternal relation not common to other disease groups, then prevention, 
their management, as hygiene pre\ ents and manages them, requires 
no necessary contact with infected mdividuals Management so 
far as cure is concerned naturally mvohes an eqmpment different 
from that of the bactenologist It is, however, remarkable that 
development m this direction, perhaps with the exception of lobar 
pneumoma, has not been due to the efforts of those concerned with 
the care of patients It has been espeaally true of the identification 
of bactenal agents of disease, that medicme is mdebted for tTug ad- 
vance to bactenologists, not to its own practitioners or professors 
A dependence on the outside world for the solution of its problems 
is m part a reproach to medicme Probably no mjur> has yet been 
suffered by soaetj as a result of this dependence But those advances 
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that depend on knowledge of disease in patients and on actual direct 
contact with diseased persons, have been made by the practitioners 
of medicme themselves In this way is to be e'^lained the signifi- 
cance Sydenham, Jenner and Laennec have for us, they have taught 
us the use of the classification of diseases, the fact that fevers are pre- 
ventable, an approach to the diagnosis of visceral disease by means 
not immediately obvious These have after all constituted the pn- 
mary advances in mediane It is this expenence which encourages 
us in the belief that the development of medicine is in all probabihty 
the work of physicians properly tramed and supplied with adequate 
equipment 

If this is the teaching of history, and these the problems of medicme, 
the future pathway becomes clear We are concerned with the thera- 
peutics both of acute and of chrome diseases as weU as with the health 
of the body and the rehef from its disabilities dunng the years of its 
dechne The development of the therapeutics of infectious diseases 
dependent on the discovery of bactena has for two generations been 
so absorbing as to dwarf the interest medicine has always displayed 
in conditions assoaated with derangement of the organs and with 
the ailments of advanang age But the latter rather than the for- 
mer group counts the greater number of victims — a number which 
is the greater, the greater is the success which is achieved m the solu- 
tion of problems connected with immumty and hygiene The dis- 
eases of the later years occasion what one might name the therapeu- 
tics of physiological disharmony They present conditions which 
give nse to extreme difficulty m therapeutics Them nature is stiU 
obscure, m large measure because the mechamsms on which they de- 
pend have scarcely been analysed Success m treatmg them can 
scarcely be expected until more knowledge has been accumulated of 
the normal mechamsms on a deviation from which they depend 

Medicme has, therefore, significant tasks, tasks of great complexity 
That we are aware of them is evident when the efforts are reviewed 
which are being made m the contemporary study of Bnght’s disease, 
m the study of heart failure, m the study of hormonal derangements 
We have begun to study these diseases which involve abnormal phy- 
siological processes as saentists always study, by whatever means 
natural saence has to offer which promise success We are engaged 
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now m the struggle to fit ourselves for the work of overcoming the 
difficulties mvolved m mastermg the methodology we must use — 
be it physics, physiology, nosology or chemistry These are, it need 
scarcely be pomted out, the methods employed likewise m biology, 
that the methods are the same is not suipnsmg, m view of the fact 
that the hvmg system which is studied m medicme does not differ from 
that which is the concern of biology in general, except that one has 
in medicme not always the advantage of adoptmg simple material 
to serve the purposes of one's experiments 

This, then, is the task which academic medicme m the Umted States, 
now become self-consaous, has set itself, it is the task of Qmical 
Investigation Its busmess mvolves a legitimate mterest m learmng 
as well as a means for furthermg the methods which lead to the cure 
of disease It is vitally concerned m the success of both these proj- 
ects It ought, as it has been, to be concerned with the arrangements, 
both m education and m organization for accomplishing its ends We 
must appreaate the fact that there is perhaps no smgle road of sal- 
vation open, the search for the smgle road has often led hunters far 
afield 

To give substance to ideas like these is the purpose which hes be- 
hmd the work of the new umversity dimes which are being founded 
m many parts of our country They mean to take on new functions 
Those on which they lay emphasis, mdicate the adoption of a wider 
mterest m the problems of concern to medicme In addition to the 
traditional responsibility for teaching they avow the desire to contrib- 
ute to an mcrease of knowledge They are drawmg to themselves 
new men, trained m a new way, they are bemg supphed with new 
hospitals properly eqmpped with laboratories m which to pursue what 
Bernard called the observatton provoquie These activities testify to 
the development of a new spinL This is the spmt which has called 
the Amencan Soaety for Chmcal Investigation mto bemg It is the 
spmt to which the Journal for Clinical Investigation desires to gi\e 
expression It is a spmt which the Journal wishes to foster and of 
which It hopes to be worthy 




STUDIES ON THE SPECIFIC GRAVITY OF THE URINES 


0 H PERRY PEPPER 

{From the ifcdicul Cltmc of (he University Hospital and the John Herr Ifusser Depart^ 
meni of Research MedicinCj Uriversiiy of Perr^l-ania) 

(Received for pnblicatioii, May 19, 1924) 

In a study of the effect of the various sohds of the urine upon the 
specific gravity of the urine, certain relationships have been found 
which are interesting and perhaps significant 
The specific gravity of the urine or of any solution containing more 
than one solute is the summation of the several specific gravities 
which would result if each sohd were dissolved smgly to the same 
volume of solution In other words, each mdividual sohd contributes 
an mcrement which vanes with the concentration of the substance 
This was confirmed by experiment for urea and sodium chlonde, the 
substances of primary importance m these studies 
At 15°C a 1 per cent solution of urea has a specific gra\nty of 
1 0028, a 1 per cent solution of sodium chlonde, 1 0067 In these 
studies the specific gra\aty of the urme was determined at 15® with 
the Westphal balance, the urea estimated by the urease method, the 
chlonde by the Volhard method The content of urea and chlonde 
can then be converted mto terms of specific gra^nty and these \ alues 
analysed Thanhs are due to iVIr J G Camack for techmeal assistance 
In these studies both smgle \ oidmgs and twenty-four hour collections 
were used In the nonnals to be reported no effort to control diet 
was made and such vanations m diet as occurred were spontaneous 
The studies made upon normals on high or low salt or pro tern mtaLe 
arc as yet too few to report In the nephntics studied the diets 
were shifted from low salt and protem to high salt and protem without 
altenng the constancy of the relations about to be described 
For convemence we may caU that part of the total specific grawt> 
which is not accounted for by the urea and chlonde, the residual 

^ Read before the Vssocation Ameicin Pb\-s>aans, Ma> 7, 192i 
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SPECIFIC GRAVITY OF URINE 


spedfic gravity By plotting tbs fraction against the total specific 
gravity its percentage contribution to the whole can be made evident 
If the ratio of urea plus dilorides to tlie other solids remams constant 
and the total specific gravity vanes only with changes m the ratio 
of water to solids, then the values plotted will fall on the same per- 
centage diagonal 



Fig 1 


Ten specmaens from a normal mdividual, taken over a period of a 
year and a half are plotted m this manner m figure 1 A marked con- 
stancy of ratio IS evident 

In figure 2 specimens from another normal also fall along a percentage 
diagonal, a httle to the right of the other In this mdividiual the 
residual specific gravity forms about 42 per cent of the total 
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In figure 3 a group of thirt^’^-six specimens from ten normals are 
plotted In almost every instance the ^'residual'^ specific gra\nty 
IS betvreen 25 and 50 per cenL This constancy is striking when one 
considers the wide variation in total specific gra\nty, the number of 
mdividuals, and the uncontrolled diet. 


Ac /i\d o\o 



■ •WAV 

RESIDUAL Sp^G-a. 


Fig 2 


This group of normals is contrasted m figure 4 with twenty specimens 
from twelve patients with definite chrome glomerular nephritis In 
this figure the residual percentage of specific gravity is plotted against 
the total specific gravity The nephntic \ alues mdicated bj crosses, 
exhibit a ratio of residual to total specific gra\nty between 43 and 75 
per cent This narrow variation is the more striking m that it per- 
sisted despite efforts to vary the mtake of chlonde and of protein. 




16 


SPECIFIC GRAVITY OF URINE 


In other words the sohds other tlian the urea and chlondes make 
up a greater proportion of the total solids m nephritic than in normal 
urme Confirmation of this is found in conductivity studies by Gram 
(1), workmg m the same laboratory, who found that m the unne of 
nephritics the non-chloride fraction of the electrolytes is relatively 
mcreased as compared vuth the chloride fraction 



Fig. 3 


Individual nephntics exhibit the same constancy of ratio as do 
individual normals 

The highest residual specific gravity percentages were obtamed 
m a senes of observations on a nephntic of the type with much edema 
In this patient the blood pressure was normal, the ’phthalem elimina- 
tion 40 per cent, the blood urea mtrogen 24 mg and the blood cholesterol 
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730 mg per 100 cc The twelve values obtamed from this patient 
are plotted m figure 5 The residual specific gravity percentage hes 
with great constancy between 63 and 82 This constancy perspted 
m spite of changes from an almost salt free diet to a diet rich m salt. 





ttO% bO% ffO% 
'flESmUAL' ^/oOF TOTAL 

^ |tfS.PHRt-riCS* 

Fig 4 


and from a diet low m protem to one high m protem The urme of 
this patient alone contained sufl5aent alb umin to require considera- 
tion This was measured by the Esbach method, converted mto 
terms of specific gravity and subtracted from the total A 1 per cent 
solution of albumm has a specific gravity of 1 0024 
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SPECIFIC GRAVITY OF URINE 


It is interesting to note that the so-called ” conductivity chlonde 
discrepancy” which Atchley, Loeb, Benedict and Palmer (2) de- 
scribed m the serum of nephntics was found in this type of edematous 
nephritis While it is probable that this change in conductivity 
should be attributed largely to the altered protein content of the 



I.OlO 1.020 1.030 

RESIDUAL Sp.Gr. 


Fig 5 

serum, nevertheless it is also probable that our findings m the urme 
m some way reflect the altered condition of the blood 

From our observations it is clear that the nephritic fails to excrete 
as much urea and chlorides m a urme of a given specific gravity as 
would a normal The urea plus chlonde specific gravity percentage 
IS remarkably constant m the several mdividuals and groups whether 
normal or nephntic, but the urea and chlonde which form this fraction 
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vary considerably m relation to one another In the nephntics 
as a rule it is the chlonde specific gravity ^hich is especially reduced 
even when liberal salt is given m the diet But even in the nephritic 
there is a considerable inverse variation of the chlonde and the urea 
It IS our intention to study further the influence of diet, the sohds 
forming the non-urea non-chlonde fraction of the specific gravity, 
and the osmotic pressure and other features of the unne 

STOTMARY 

When the specific gravily of the unne is analyzed into a fraction 
due to urea plus chlondes and the residual fraction due to the other 
sohds, exclusive of albumm, the f ollowmg relations have been observ ed 

1 A marked constancy of ratio between these fractions m any 
mdividual, normal or nephntic, mdependent of dieL 

2 In normals the residual fraction forms 25 to 50 per cent of the 
total 

3 In 32 observations on 13 nephntics the residual fraction formed 
43 to 82 per cent of the total 

4 The nephntic, mdependent of diet, excretes less “urea plus 
chlondes’^ m a unne of a given specific gravity than would a normal 
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ON THE RELATION BETWEEN CONDUCTIVITY AND 
CHLORIDES IN THE URINE 
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Previous papers by Gram and Norgaard (1) and Gram (2) and also 
by Atchley, Loeb, Benedict and Palmer (3) have shown m both normal 
and most pathological human sera a marked constancy m the ratio 
of NaCl concentration to the NaCl eqmvalent of conductivity This 

[NaCl] 

is expressed as the ratio A recent study by Pepper (4) 

has shown that m nephritis the relative proportion of non-chlonde, 
non-urea constituents m the urme is mcreased 


It would seem that a determmation of the ratio 


[NaQ] 


m such 


NaCl eq 

unnes would serve to throw light on whether this relative mcrease 
is due to non-chlonde electrolytes or noL 

In tables 1 and 2 we give the results of an examination of 11 normal 
and 11 nephntic urmes respecti\ely All specimens were freshly 
voided and no ammomacal decomposition had taken place The 
ratio m normal urmes of course is not nearly as fixed as m normal 
sera, but still has remained within the limits 0 84 and 0 63 m all cases, 
with an average of 0 726 

[NaQ] 


In nephntic urmes on the other hand the ratio 


was with 


NaQ eq 

one exception lower than m any of the normal unnes, varying between 
0 67 and 0 34 with an a\ erage of 0 524 
This marked discrepancy m the ratio cannot be attributed to the 
presence of albumin m the nephntic urmes smee the quantities of 


* Robert M Girvun, Fellow m Research Mediane and Fellow of the Rockefeller 
Foundation 
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H C G 
G E C 

J 

J H A 
D tl M 
L J 
P 
K 
L 

P P 
C 


Maximum 

Mmimum 

Average 


Apnl 23 
April 23 
June 4 
June 18 
September 10 


TABLE I 

Eleven normal nrmns 


NaC! cq 
of conduct 


per cent 

1 85 

0 59 

2 16 

1 89 
1 73 
1 91 
1 91 

1 185 
1 54 
1 56 
1 96 


per cent 

1 43 

0 39 

1 81 
1 31 
1 09 
1 51 
1 35 

0 91 

1 10 
1 02 
1 61 


Ratio 

INaOl 


Naa cq 



TABLE 2 

Eleven nephrthc urines 



Diagnosis 


Glomerulo-nephntis 

Nephritis 

Chronic nephntis 

Nephritis 

Nephntis 

Chronic nephntis 

Nephntis 

Nephntis 

Acute nephntis 

Chronic nephntis 

Chronic nephntis 


Date 

NaCl eq 
of 

[Naai 

Ratio 

[Naai 


conduct 


iiaCI cq 

m3 

per cent 

per cent 


April 26 

0 49 

0 27 

0 55 

May 21 

0 53 

0 23 

0 43 

June 2 

0 44 

0 15 

0 34 

June 6 

0 36 

0 20 

0 56 

June 7 

0 67 

0 35 

0 52 

June 8 

0 67 

0 41 

0 61 

June 20 

0 91 

0 42 

0 46 

June 20 

0 845 

0 47 

0 56 

June 20 

0 73 

0 43 

0 59 

September S 

0 51 

0 34 

0 67 

September 5 

0 425 

0 20 

0 47 


Maximum 

Minimum 

Average 


0 67 
0 34 
0 524 
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albumin are too small to affect matenally the ratio, besides any such 
influence would cause an mcreased, not a decreased ratio 
A lower concentration of non-electrolj’te crystalloids, prmdpally 
urea, would depress the ratio m nephritis but could not cause the 
difference observed, even if the urea decreased from 5 to 0 per cenL^ 
Only a few of these patients were placed on a diet poor m salts, 


so that this will not explam the decreased ratio 

NaQ eq 

No exact classification was attempted m diagnosis, but the material 
mcluded both acute and chrome nephritis and sclerotic kidneys 
m different stages of seventy 


smniAiLY 

In nephntic urme the non-chlonde electrolyte fraction is mcreased 
relative to the chlonde fraction 
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^ To correct conductivit> obser\ ed for urea we use the formula 


c; 


^ 100 
100 - dz 


Ce « corrected conductivit> , C© »= observed conductrvitj , d = constant, which is 
1 1 for urea, x « the percentage of urea 





BLOOD REACTION AND BLOOD GASES IN PNEUMONIA 
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{From ike Hospitcl of The Rocktfeller Inslituie, Kevs York) 

(Received for publication, Jul> 3, 1924) 

Peabody in 1912 (1) published a paper on the metabohsm in pneu- 
monia, m which he reviewed the previous hterature and studied among 
other factors the blood gases and aad-base balance Smee Peabody, 
a number of other mvestigators have studied the blood gases and the 
question of the existence and importance of aadosis m pneumonia 
The present paper is a report of observations on these subjects, m 
which recently developed methods have made possible the attam- 
ment of more complete results and apparently have justified the draw- 
mg of deductions more definite m some respects than those attain- 
able from previous data 

Peabody stated that ''the high eicretioii of ammonia and the low excretion of 
sodium chlonde are two of the most characteristic features of the urme during 
fever The diminution of the carbon dionde of the blood is apparently a constant 
accompaniment of fever ” These results mdicated a shift of some degree towards 
aadosis in the aad-base balance, but whether it was suffiaent to be of clinical 
significance was at the time uncertain Peabodj states, “The evidence pomts 
against the theoT> that the retention of sodium chlonde m ferver depends on 
aadosis In diabetic aadosis and m experimental poisoning b> 

mineral aads there is not a retention of bases as there is m pneumonia.” In 
the gases of the venous blood much greater variations m ox\ gen than m carbon 
dioxide were foimd 

Palmer (2) found that, although considerable amounts of a verj weak unknown 
organic aad could be titrated m the urine in certain severe cases of pneumonia, 
the al k al i reserve of the venous blood plasma, as determined b> the CO 2 capaat> 
method of Van Slyke and Cullen (3) was umfonnlj normal or nearl> so Aadosis 
of metabohe ongm was consequentl> excluded 

Stillman, Van Slyke, Cullen, and Fitz, (4), m a senes of aadosis cases of which 
the rest were diabetic, published protocols on one case with a greatl> diminished 
plasma CO 2 capaat> in acute nephntis after pneumoma. The alkah defiat, which 
was accompanied b> an almost complete cessation of ammonia excretion (un- 
published data) was apparentl> due to the pneumomc nephntis It disappeared 
as the kidney function and ammonia excretion improv ed 
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BLOOD REACTION AND GASES IN PNEUMONIA 


Stadie (5) and Stadic and Van Slvkc (6) studied the ox>gcn content and capaaty 
of the blood and the carbon dio\idc content and capacity of the plasma in both 
venous and artcnal blood of pneumonia patients They confirmed Palmer’s 
observation of normal alkali reserve as indicated by the CO 2 capaaties From the 
gas contents of the blood they obser%'ed that "even vhen pulmonary conditions 
in pneumonia become so mvolvcd that the arterial blood is incompletely oxygen- 
ated, the artenal and venous carbon dioxide values are not increased above the 
usual normal levels ” There vas no evidence of pulmonary CO3 retention 

The data up to this point ( 1920 ) indicate that an acidosis of 
metabohe ongin, such as would result in an alkali defiat in the body, 
is a ranty in pneumonia Because the data do not include either 
determinations of the CO2 tension in the blood, or of the pH from which 
the CO2 tensions can be estimated, they do not exclude the possi- 
bihty of a CO2 aadosis, due to hindrance in the evolution of C02 from 
the pathologically involved lungs) although the combmed determma- 
tions of CO2 content and CO2 capaaty by Stadie and Van Slyke made 
a CO2 retention appear improbable 

Barach, Means and Woodwell (7) m 1922 estimated the pH of the artenal and 
venous blood in pneumonia by interpolation on the CO 2 absorption curve, cor- 
rected for the observed ox}"gen unsaturation They found the alkah reserve nor- 
mal or slightly subnormal In 3 of 10 patients, however, a low pH was observed 
which rose to normal after the cnsis, the alkah reserve showmg appreciable nse 
at the same time, although it had not been senously lowered The results mdi- 
cated the possibihty of a tendency towards both alkah defiat and lowered pH m 
some cases, and the authors suggested the use of alkah therapy m such cases 

Bmger, Hastmgs and Neill (8), however, found that the contmued use of even 
moderate amounts of bicarbonate m a case of pneumoma with somewhat dimin- 
ished salt excretmg power led to a dangerous alkalosis and edema, due to apparent 
mabihty to excrete the alkah ' 

It seemed advisable to make further observations on the blood 
changes in pneumoma patients, the more so because at the time of 
the work of Barach, Means and Woodwell, the colonmetnc pH method 
for blood was not available, and their pH values were detemuned by 
a method which makes such demands on techmque that a certam pro- 
portion of irregular results is difficult to avoid Thirty observations 
of the pH and CO2 content, and 22 observations of the oxygen content 
and oxygen capaaty of the artenal blood have accordmgly been 
made on 16 patients 
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In our observations the gases were determined on the Van Slyke 
(9) manometnc apparatus The pH’s were determined colon- 
metncally by Cullen’s method (10) in all cases, electrometacaUy m 
12 cases, and by calculation from the CO 2 absorption curves m 2 cases 
All precautions to collect and preserve the blood without change in 
its constituents were observed (Austm, Cullen, et al , 11) 


THE pH DETEEinNATIONS 

Electrometric and colorimelnc values — ^In table 1 are given the 
results of the colonmetnc determinations of pH at 20°C and the 


TABLE 1 

The dtjS'erencc hchueai the tltdromelnc pH al JS® and the coJonmeinc pE al 2(P of the 
arterial llocd cf pneumonia patients 


No 

pH 

ApH 

No 

pH 

ApH 

CoL20* 

HecL 38* 

CoL 20* 

Elcc.38* 

19 

7 72 

7 42 

0 30 

25 

mtm 

7 48 

mBM 

20 

7 72 

7 42 

0 30 

26 


7 43 

WSSm 

21 I 

7 71 

7 49 

0 22 

27 


7 43 

WSSm 

22 

7 63 

7 40 

0 23 

28 

7 76 

7 4<5 


23 

7 66 

7 40 

0 26 

29 

7 82 

7 50 

■EH 

24 

7 55 

7 32 

0 23 

30 

7 59 

7 35 

■9 


Average ApH «= 0 27 
A\erage deviation = 0 03 
deviation = 0 05 


electrometnc determinations made on the same blood at 38°C The 
average difference, ApH, between these detemunations is 0 27 pH 
The difference for the blood of normal mdi\Tduals was found by Cullen 
to be 0 22 pH This value has been confirmed m this laboratory 
The reason for the difference between the ApH found for normals 
and for pneumoma patients is unknown The formula we ha\e used 
m the calculation of the blood pH at 38® from the colonmetnc pH 
at 20® is 


Smee there were rather wide differences m the temperatures of the 
pa bents at the bme the blood analyses were made, a correebon was 
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applied to convert the pH at 38*^ to its corresponding value at the tem- 
perature of the patient Tlie temperature coefficient for the pH of 
blood IS not well established Direct determinations of the electro- 
metric pH of serum at 38°and 20° have indicated that the ApH. perl°C. 
is approximately 0 01 This value has been used to correct the pH to 
the temperature of the blood as drawn 
Recent determinations made in this laboratory indicate that by 
making the colonmetnc pH determinations at the temperature of the 
patient, the necessity for temperature correction is avoided (Hastmgs 
and Sendroy, paper m press) but the teclimque for such determina- 
tions had not been developed when the present work was done 


TABLE 2 

A comparison of dcclromctriCy colorimetric and calculated pB*s 


j 

EIcctromctnc pH 

Colonmetnc pH 

Calculated pH 

Normals 

1 

— - 

7 38 

7 40 

2 

7 39 

7 41 1 

7 38 

Pneumonia patients 

9 


7 44 

7 44 

10 

7 42 

7 47 

7 47 


pH values calculated from the carbon dioxide absorption curve 
Smee the pH results of Barach, Means and Woodwell (7) were all 
determined by calculation from the carbon dioxide content and the 
carbon dioxide tension, four experiments were performed m order 
to compare values obtamed thus with those obtamed by direct elec- 
trometne or colonmetnc determmations 
Two of the experiments were on the venous blood of normal mdi- 
viduals and two were on the artenal blood of pneumonia patients 
The compansons between the pH values obtamed by direct detennma- 
tion and by calculation are given in table 2 The agreement is withm 
the limits of error of the method employed Since difficulty has been 
expenenced m obtaimng satisfactory agreement by these two methods, 
certam pomts which contnbuted to the success of our experiments 
may be mentioned 
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Fig 1 ACED-BASE DEXEEinUATIOXS on PN'EtmOMA PaTTENTS are PLOnXD VlIH 
pH as Abscissae ant) CO* Content as Oedin’axes 
Constant CO; tension Jines ran diagonal!} across the chart The shaded area 
represents the revised normal aad-base area of artenal blood The pomt » is 
the aierage of a number of normal artenal aad-base \alnes obtained b> Barr 
and his collaborators 
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A summary of the hydrogen ton co 


1 

i 







1 


rt 

a 



u 







v 

1 




Orfranwm 

Area of pulmonan 
involvement nt time blood 

u 

u & 
g-O 

^ o 

3 


1 

O 

b 

o 

V 

rJ 



was drawn 

S-a 

'O s'? 

O ' 

p 

u 

H 





Cl 

p 

P 

1 
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4522 

4-27-22 

Pneumococcus 

Type III 

Consolidation of left lower 

9 

11 








lobe, and whole nght lung 




2 

2 

4597 

10-17-22 

Pneumococcus 

Tjt>c I 

Consolidation of nght middle 
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lobe Resolution of nght 
lower lobe 
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14 
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lower lobe 
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11- 5-22 

Pneumococcus 
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analyses of iho arUrial blood tn pmumonux 



Arterial blood inaJysa 


'Wliole blood Plasma <5 
u 



zeJ I [ vcl 


uni rni p<r mi per mi jjer 

c«i/ unS 

rations 58 per mmnte. I 38 9 ] 7 « 25 0 56 0 — — 45 2 6 8 15 2 7 3 16 4 92 7 


losderosh mailed i 38 8 7 45 23 2 ] 52 0 


43 8 6 7 15 1 82 18 4 821 


ot bad received 600 cc. 38 5 7 46 23 3 52 3 

pc I antipncnmococais 
mo before blrcdmg 

moco ce ns meningitis 38 1 7 33 17 9 40 4 


42 9 67 15183 18 6 81 2 


38 7 7 45 20 4 45 7 


37 7 7 37 19 5 43 7 


39 6 7 42 19 9 44 6 


39 6 6 8 IS 2 — — 


38 8 7 43 19 4 43 6 


38 2 66 14 7 78 17 5 840 


38 1 7 41 21 5 48 3 

✓ r 

mt died roddenlj when t 37 3 7 46 23 2 52 0 

5tt1c and apparently con 

39 6 I 7 47 I 20 6 I 46 2 


43 1 7 1 15 9 


41 2 7 0 15 6 7 2 16 2 96 4 


459 76 17 0 78 17 5 97 2 


39 0 7 36 20 4 45 7 


46 2 58 13186 19 2 68 2 


pcratnie nonnal for ibort 37 8 7 37 26 6 59 7 

(i^^terval only on 5th day of 
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De plcmal cffosion Right 39 7 7 42 21 4 47 9 

rdropnemnothorax 

39 3 7 41 22 3 50 0 


ent had recoved 400 cc. 39 6 7 46 21 1 47 4 

I antipacmnococcui 
^ tea before bleeding 


58 2 7 2 16 2 8 2 


440 77 17 2 89 


46 8 7 0 15 6 9 2 


37 2 5 9 13 3 6 6 




per cent 
naluratlon 
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The blood was treated with one per cent neutral sodium fluonde 
as well as potassium oxalate which, as Lovatt Evans (12) has shown, 
inhibits aad formation durmg the period of saturation Further, 
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0 

"S 
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Area of pulmonaiv 
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ay of disease t 
perature bees 
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ay of disease 
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Q 

0 


P 




P 

P 


17 



12-30-22 


Consolidation of left upper 

1 

12 


S 






and lower, and nght upper 
lobes 

II 




18 

9 

4671 

1-19-23 

Pneumococcus Group IV 

Consobdation of right middle 


6 








and lower lobes 

■1 




19 



1-23-23 


Consobdation of right middle 


6 








and lower lobes 





20 

10 

4670 


Pneumococcus Group IV 

Consolidation of right upper 

H 

6 








lobe 





21 

11 

4691 

2- 7-23 

Pneumoccus Group IV 

Consobdation right lower 

9 


26 






Streptococcus hcmo 

lobe Right pleural effu- 









lytJCus 

sion RAles over left lower 
lobe 





22 

12 

4690 

2- 7-23 

Pneumococcus Group IV 

Consobdation of nght lower 

5 

6 








lobe 





23 

13 

4708 

3- 1-23 

Pneumococcus Type H i 

Consobdation of left lower 

7 

11 



1 





lobe 





24 



3- 6-23 


Consolidation of left lower 

12 









lobe 





25 

14 

4710 

3- 2-23 

Pneumococcus Group IV 

Consobdation of right middle 

4 

8 








' and lower lobes 





26 



3- 7-23 


' Signs of resolution over en- 

9 









tire right lung 





27 

15 

'4715 

3- 6-23 

Pneumococcus Group IV 

Consobdation of nght middle 

3 

9 





1 



and lower lobes 





28 



3- 7-23 


Consobdation of right middle 

4 






1 



and lower lobes 





29 



3-14-23 


Resolution of right middle 

11 









and lower lobes 





30 

16 

4729 

3-27-23 

Pneumococcus Group IV 

Consolidation of whole nght 

7 


7 

a 






lung and left lower lobe 
Diffuse bronchitic rAles 






e indicates electrometnc determination 


the CO 2 saturation curves were determined on both the reduced and 
oxygenated blood, thereby pemuttmg the proper correction to be 
made for the unsaturation of the blood Finally, the pK' used m 
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calculating the pH values was obtained by taking into consideration 
the pH, the concentration of total hemoglobin, and the degree of 
saturation of the blood (fig 6 6 of Van Slyke, Wu, McLean, 13) 


■Continued 
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■ 

— 
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23 0 
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B 
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42 & 

5 9 

13 3 

1 6 3 

! 14 1 

94 4 


37 2 

7 43e 

23 5 

52 8 


61 7 

45 8 

7 1 

15 9 

7 3 

16 4 

97 0 


39 I 

7 42c 

21 4 

48 I 

' 26 3 

59 0 

45 3 

8 7 

' 19 5 

9 5 

21 3 

91 6 

•eptococcus hcmolytjau 
Brondiopncttmonix- Scptl 
cemia (Strep tocxjcxais hcmo- 
tytJcus) Btalh 

39 6 

7 48c 

23 9 

51 4 
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1 
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19 2 

1 

1 
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7 40c 
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45 2 
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41 5 

— 

— 

— I 
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7 39c 
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41 2 
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48 7 
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— i 

— 

— 
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37 2 

1 
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40 8 

— 

— 

40 8 

5 1 

11 4 

5 7 

12 8 

89 7 

«ad to upper lobe 

occurred 

39 7 

7 47e| 

19 5 

43 6 

23 4 

52 4 

35 3 

7 9 , 

17 7 

8 2 

IS 4 

96 2 


37 5 

7 43e 

22 2 

49 7 

— 

— 

42 5 

7 4 

16 6 

8 1 

18 1 

91 8 

Tuaiy retention 

39 6 

7 42c 

23 3 

52 2 

— 

— 

45 2 

4 7 

10 6 

7 0 

15 6 

68 0 


40 2 

7 45e 

23 2 

52 0 

— 

— 

43 2 

5 8 

13 0 

7 2 

16 1 

£0 a 


37 4 

7 Sic 

20 4 

45 7 

24 5 

55 1 

32 6 

6 2 

13 8 

7 4 

16 5 

E3 7 

r'^jinpEcated by marked al 
buminuria with urea rcten 
tlon 

40 0 

7 34( 

! 17 5 

39 3 
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1 

41 8 

— 
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— 

1 



The protocols of these experiments and the figures showing the 
results are given m tables 5 and 6, and figures 3 and 4 
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RESULTS 

The experimental results are collected in table 3 and are graph- 
ically shown m the acid-base diagram, figure 1 

The pH of the blood Among the 30 observations on pneumoma 
patients there was no pH lower than 7 30 or higher than 7 50 (Where 
both colonmetnc and electrometric values were available, the latter 
were taken as the more accurate ) Smce the pH limits of 7 30 and 
7 50 for normals have been confirmed m this laboratory, it may be 
said that no pneumoma patient studied by us had a pH defimtely 
outside the normal limits Certainly there was no case of uncom- 
pensated aadosis among them 

The CO 2 contefit of the blood Values of the CO 2 content of ar- 
terial blood of normal restmg mdividuals have been determmed by 
Barr (14) The average of these determmations is 22 miUimols per 
hter (49 4 volumes per cent) 

The CO 2 contents of the blood of the pneumoma patients are about 
equally distnbuted on either side of the mean hne Except for three 
high and three low values they he within the ongmal limi ts of the 
normal area outhned by Van Slyke (15) Some of these cases re- 
qmre speaal mention Of the low ones, No 2 had a pneumococcus 
memngitis and died three days later. No 16 was comphcated by ne- 
phntis and died the day the observation was made, No 13 was afe- 
brile at the time of the analyses Of the high pomts. No 5 was mon- 
bund and died on the day of the observation, No 8 had been havmg 
oxygen therapy by nasal catheter The fact that this was discon- 
tinued dunng the bleeding may have contnbuted to the marked 
unsaturation of the blood 

It is concluded from determmations of CO 2 content taken in con- 
junction with those of the pH, that an aadosis, either compensated 
or uncompensated, is rarely, if ever, encountered in pneumoma un- 
comphcated by other abnormal conditions 

The CO 2 tension Twenty-five of the thirty artenal CO 2 tensions, 
calculated from the serum pH and CO 2 content, were within the 35 
to 45 mm iso-pressure fines of figure 1 The CO 2 tension was calcu- 
lated from the CO 2 content and plasma pH by formula 5 in table 4 
of Austin et al (11), viz 
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m 

i’cOi ° 0 (1 + lOpH - PR'^ 


[COj = volume i>er cent total COj m whole blood 
oco, = solubihty coeffiaent of CO* m whole blood 

pK' = of Hasselbalch’s equation for whole blood, pH ■= pK' + log 


pHCOj] 

[H,CO.] 



Fig 2 Acid-base DETEEiiiNATiO'rs Obtained on PNEtnioNiA Patients Ddeing 
AND Attee ttte Febbitj. Pebiod 
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The value of 0 ^ was estimated to be proportional to the water 
content of the blood (13) The water content, for blood of vaiymg 
hemoglobm content, is calculated from Equation 30 of Van Slyke, 
Wu, and McLean, (13) as 

cc* HsO per cc blood = 0 94 - 0 0067 Eb 



Fig 3 January 9, 1923 CO 2 Absorption Curves of Oxygenated and Re- 
duced Btood op a Normal iNDiviDUAi Plotted with pH as 
ABS aSSAE AND CO 2 CONTENT AS ORDINATES 
The point within the o represents the aad-base balance of the venous blood as 
drawn determined by the CO 2 content and degree of unsaturation The pH thus 
estunated is 7 40, as determmed colonmetncallv, 7 38 


Hb = hemoglobm content of blood m volume per cent of oxygen 
capaaty (The constants m their equation are here altered to change 
the H 2 O from terms of weight to those of volume, and the Hb from 
terms of milhmols to those of volumes per cent oxygen capaaty) 
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Since the solubility coeffiaent of CO 5 for water is 0 555, the coeffiaent 
for blood IS estimated as 

aco, «= 0^55 (094 -- 0 0067 Nh) 


The pK^ value for whole blood, as shown b}'' Warburg (16) by Van 
Slyke, Wu, and McLean (13) and by Peters, Bulger, and Eisemann 



Fig 4 Janttahi 25, 1923 CO 2 Absoeption Curves op Ox^gexated and Re- 
duced Blood op a Noemal Imdiv^idual Plotted with pH as 
Abscissae akd CO 2 Context as Ordinates 
The point within the O represents the aad-base balance of the venous blood as 
drawn determined by the CO 2 content and degree of imsaturation The pH thus 
estimated is 7^8, as determined colonmetncall> 7 41, eIectiometncall> , 7 39 

(17) , IS greater for whole blood than for plasma by an amoimt, ^pK', 
dependent on the oxygen saturation, pH, and hemoglobm content 
of the blood Hence, for whole blood, 

pK^ =» pK\ ApK\ 
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where 


pK's = pK' for senun = 6 12 

ApK' IS estimated from figure 6 J of Vau Slyke, Wu, and McLean, 
with an added correction for oxygen unsaturation 

With the above values for otcq, and pK' m whole blood, the formula 
relatmg p^ot to [CO 2 ] and pHs becomes 

^ [COd 

0 0326 (0 94 - 00067 Eb) (l + loPH-pK'g-ApK'j 

TABLE 4 


The CO2 tension of the arterial blood during and after the febrile period 


Case No 

During febnie penod 

After febrile penod 

COj tension 

Per cent 
saturation 
with 
oxygen 

Temperature 

COj tension 

Per cent 
saturation 
with 
oxygen 

Temperature 


mm Hg 



mm Hg 



3 

38 1 

— 

38 7 

42 3 

— 

37 7 

' 4 

39 6 

— 

39 6 

41 2 

96 0 

37 3 


38 2 

84 0 

38 8 





43 1 

— 

38 1 




5 

45 9 

97 2 

39 6 

58 2 

88 1 

37 8 


46 2 

68 2 

39 0 




8 

37 2 

90 5 

39 6 

50 8 

64 6 

37 5 

9 

42 8 

94 4 

39 3 

45 8 

97 0 

37 2 

13 

38 7 

— 

40 2 

40 8 

89 7 

37 2 

14 

35 3 

96 2 

39 7 

42 5 

91 8 

37 5 

15 

45 2 

68 0 

39 6 

32 6 

83 7 

37 4 


43 2 j 

81 0 

40 2 





The progress of the CO 2 tension dunng the course of the disease 
is shown m eight cases m which data dunng and after the febnlepenod 
were obtamed These results are shown m table 4 and figure 2 It 
is seen that there is a lower CO 2 tension dunng the febrile penod than 
after Whether this is the result of the increased temperature alone 
or whether it had its ongm in the local pulmonary lesion it is impossible 
to say Haggard (18) found that elevation of the body temperature 
by immersion m hot baths was sufficient to lower the alveolar CO 2 
tension and reduce the dissolved CO 2 m the blood, but Fndencia 
(19) who studied the alveolar CO 2 tension m febnie diseases, beheves 
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that increased temperature alone is msuffiaent to account for the 
lower tension That anoxemia per se is not the causal agent in the 
lowered artenal CO 2 tension is suggested by the fact that the unsatura- 
tion of the artenal blood m some cases did not seem to be less m the 
penod of low tension than m the subsequent afebrile penod 
That the respiratory viechaiitsvi is unimpaired in its ability to main- 
tain a normal CO 2 tension and blood reaction is evidenced by the fact 



Fig 5 January 19, 1923 CO 2 Absorption Cttbxzs op Oxygenated and 
Reduced Blood of a Pneumonia Patient Plotted wit h pH as 
AB sassAE and CO 2 Content as Ordinates 
The point within the o represents the aad-base balance of the artenal blood as 
drawn determined by the CO 2 content and degree of unsaturation The pH thus 
estimated is 7 44, as determined colonmetncallv, 7 44 

that m only 2 of the 30 analyses was the artenal CO 2 tension found 
above 45 mm , and m no case was the pH below 7 30 There was no 
tendency towards CO 2 aadosis 

The effect of the lung changes m pneumonia on the oxygenation 
of the arterial blood on the other hand is significant Of the 10 cases m 
which the oxygen saturation of the artenal blood was determined, 



40 


BLOOD EEACTION AND GASES IN PNEUMONIA 


8 showed on one or more occasions artenal saturation below 90 per cent, 
which figure is probably lower than occurs in any normal person at 
rest at sea level In 6 cases artenal saturation below 85 per cent 
was noted, a level of artenal saturation at which S3Tnptoms of moun- 
tam sickness may begin m normal individuals who are , transferred 
to high altitudes (20) 



Fig 6 January 20, 1923 CO 2 Absorption Curves of Oxygenated and 
Reduced Blood of a Pneumonia Patient, Plotted with pH as 
Abscissae and CO 2 Content as Ordinates 
The point withm the o represents the aad-base balance of the artenal blood 
as drawn, determined by the CO 2 content and degree of unsaturation The 
pH thus estimated is 7 47, as determined colonmetncaMy, 7 47, electrometncally, 
142 

Vanous known facts indicate that the oxygenation of the blood in 
the lungs is much more susceptible to failure than is the removal of 
CO 2 Krogh (21) has shown that CO 2 diffuses through animal mem- 
branes 30 times faster than O 2 Henderson (22) has calculated that 



TABLE 5 

A companion of ihc pE of normal human blood ddcrmincd directly and cdculaied from 
the COt saturation curves Blood treated joith 0 4 per cent K -f- 
0 1 per cent NaF 

Normal, No 1 
Date Januar> 9, 1924 
pK' = 612 4* ApK' 

HaCOa = 0 0271 pCOa 


Analysis of blood after saturation with definite CO* and Oa tensions 


No, 

pOi 

HbOl 

pCO 

H*COi 

Total 

CO* 

BHCO3 

. BHCO3 

pE' 

pH 

HiCCb 


mm 


rrm 

mi 

fnin 

t-ir. 



■1 

1 

(135) 

9 18 

66 1 

1 79 

27 28 

25 49 

1 154 

6 165 


2 

(0) 

0 11 

79 5 

2 15 

31 50 

29 35 

1 135 

6 154 

wm 

3 

(135) 

9 23 

15 0 

0 41 

14 53 

14 12 

1 537 

6 190 

mm 

4 

(0) 

0 15 

20 0 

0 54 1 

18 88 : 

18 34 

1 531 : 

6 173 

7 701 


Anolyra of blood as drawn 


Total 

HbOa 

HbOi 

Total COi 

pH 

ilb HbOl 

Hb -hHbO 

mi. 

mi. 

iicr cerJ 

mu. 


(9 40) 

5 97 

63 0 

25 76 

7 40 — calculated 

7 38 — colonmetnc 


Normal, No 2 
Date January 25, 1923 
pK' = 6 12 4- ApK' 
H.COa = 0 0270 pCOa 


Analysis of blood after saturation with definite COa and O 3 tensions 


No 

pOa 

HbOa 

pCOi 

H_CCb 

Total 

CO3 

BHCOj 


pH 

pH 

HiCOi 


mm 

mr 

rtm 

mi- 

mir. 

mu. 




1 

(135) 

9 34 

56 2 

mm 

24 27 

22 75 

1 175 

6 165 

7 340 

2 

(0) 

0 38 

65 9 

mm 

28 53 

26 75 

1 177 

6 155 

mm 

3 

(135) 

9 38 

27 4 

0 74 

19 48 

18 74 

1 401 

6 178 


4 


0 49 

32 0 

0 86 

22 00 

21 14 

1 392 

6 168 

7 560 


Analysis of blood as drawn 


Total 

Hb -f- HbOi 

HbOi 

HbOi 

Total COj 

pH 

Hb + HbOi 

mu. 

mu. 

S)cr cent 

mu. 


9 62 

4 39 

46 

25 59 

7 38 — calculated 

7 39 — electrometric 

7 41 — colomnetnc 


* Not used m plotting oi3^enated curv e- 
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TABLE 6 


A comparison of the pH of pneumoma patients^ blood determined directly and calculaied 

from the C0% titration curves 

Patient, No 9 
Date January 19, 1923 
pK' = 6 12 + ApK' 

HjCO, = 0 0280 pCOa 


Analysis of blood after saturation with definite COi and Oi tensions 


No 

pOi 

HbOi 

pCOa 

HiCOi 

Total 

CCh 

BHCOa 

, BHCOi 
‘°8 H.CO. 

PK' 

pH 


mm 

frtu. 

mm 


mM 

mil 

fnsi 







1 

(135) 

6 

60 

57 

8 

1 


25 

88 

24 

26 

1 

175 

6 

147 

7 

312 

2 

(0) 

0 

57 

68 

5 

1 


29 

17 

27 

25 

1 

152 

6 

141 

7 


3 

(135) 

6 

87 

42 

1 

'1 

18 

23 

27 

22 

09 

1 

272 

6 

150 

7 

422 

4 

(0) 

0 

45 

33 

9 

m 

95 

23 

76 

22 

81 

1 

380 

6 

146 

7 

526 

5 

(135) 

6 

73 

28 

6 

0 

80 


32 

19 

52 

1 

388 

6 

156 

7 

544 


Anal3rsi3 of blood as drawn 


Total 

Hb + ^0* 

HbOj 

Per cent 
saturation 

Total COi 

pH 

mu 

mu 


mu 


6 90 

5 92 

94 4 

23 02 

7 44 — calculated 

7 44 — colorimetric 


Patient No 10 
Date January 20, 1923 
pK' = 6 12 + ApK' 
H2CO3 = 0 0270 pCOa 


Analysis of blood after saturation with definite CO* and Oi tensions 


No 

pOj 

HbOa 

pCOa 

H.COa 

Total 

BHCOa 

, BHCOj 

pK' 

pH 

COi 

HjCOi 

1 

mm 

(135) 

mil 

mm 

56 8 

mil 

1 53 

WJM 

25 31 

mu 

23 78 

1 191 


7 359 

2 


0 25 

65 1 

1 76 

28 88 

27 12 

1 188 


7 346 

3 

(135) 

9 19 

27 4 

■El 

18 45 

17 71 

1 380 

6 178 

7 558 

4 


0 51 

33 3 

is 

22 72 

21 82 

1 385 

6 167 

7 552 


Analysis of blood as drawn 


Total 

Hb + HbOa 

HbOj 

Per cent 
saturation 

Total COj 

pH 

fnll 

mM 


mil 


9 51 

8 69 

91 4 

21 45 

7 47 — calculated 

7 42 — electrometnc 

7 47 — colonmetnc 
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the blood attains practically the CO 2 tension of the alveolar air by the 
tune it has passed through about half the length of a lung capillary, 
while the artenal blood after traversing completely the pulmonary 
capiUanes still has an oxygen tension about 25 millimeters lower than 
the alveolar air It has furthermore been shown by vanous observ- 
ers that the respiratory mechamsm shows a relatively weak response 
to oxygen lack as compared with that to carbon dioxide excess Ac- 
cumulation of CO 2 may cause a man to increase his ventilation per 
minute by 1000 per cent, while the maximum response to oxygen lack 
IS about SO per cent Furthermore, if part of the lung area is cut 
off from air, it is possible by over ventilation of the remainder to keep 
the CO 2 tension of the mixed artenal blood down to normal, but since 
only 20 volumes per cent of oxygen can be held by the average blood, 
it is not possible to overcharge one portion of the pulmonary blood 
with oxygen m order to compensate for under oxygenation m another 
These considerations would lead to the conclusion that, in any mdi- 
vidual breathmg the ordinary atmosphere, respiratory hmdrance must 
result m senous anoxemia long before COj aadosis has become at 
all significant 

It wiU be noted m figures 1 and 2 that the shaded areamdicated as 
normal is boimded not only by nonnal pH and alkali reserve hnes, 
but also by the 35 and 45 mm CO 2 tension lines withm which the al- 
veolar tensions of most nonnal individuals he It appears from re- 
sults at present available that respiration is stimulated by high CO 2 
tension of itself, as well as by the high (H+] it may cause, and that the 
condition found m the blood is a resultant of the two effects 

SUMMARY 

1 A study has been made of the pH, CO 2 content, CO 2 tension, 
oxygen content, and oxygen capaaty of the artenal blood m pneu- 
moma The CO 2 tension was calculated from the pH and CO* con- 
tent of the blood The other values were all detennmed directly 

2 A companson was made of colonmetnc and electrometnc pH 
values with values calculated from the CO 2 absorption curves A 
fair degree of consistency was obtained 

3 A lower artenal CO 2 tension dunng the febrile penod than after 
the return to nonnal temperature was noted m 7 cases Oxygen 
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unsaturation and lowered CO 2 tension do not occur together with 
sufficient regulanty to indicate a causal relationship Such relation- 
ship between temperature and CO 2 tension seems more probable 

4 No tendency towards an aadosis of either metabohc or respira- 
tory ongm was noted The alkah reserve was within or near normal 
limits m every case The pH likewise was m each mstance withm 
normal limits, 7 30 to 7 50, with the greater number of observations 
in the more alkahne half of this range 

5 These results contra-indicated alkah therapy in all the pneu- 
moma cases studied 

6 In 8 of the 10 cases in which the artenal oxygen saturation was 
determmed, an abnormally low saturation was observed at some stage 
of the disease Taken with the non-occurrence of CO 2 acidosis, these 
results support the conclusion, made probable by known physiological 
and physico-chenncal data, that when the mechamsm for gas exchange 
in the lungs is aSected absorption of oxygen fails before elimination 
of carbon dioxide is significantly impaired 
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A l^IETHOD FOR THE DETERMINATION OF THE AMOUNT 
OF OXYGEN AND CARBON DIOXIDE IN THE MIXED 
VENOUS BLOOD OF MAN 

By C SIDNEY BURWELL G CANBY ROBINSON 
{From the Mcdiccl Clinic^ Johns Hophns HospjtcJ) 

(Received for publication, June 20, 1924) 

INTRODUCTION 

The exchange of gases between the blood and the fixed tissues 
of the body is essential for life It is accomplished by a complex 
mechanism adapted to meet the ever changmg conditions of the cells 
of the animal organism (Quantitative studies of this vital phenomenon 
are of importance because knowledge of the amount of oxygen lost 
or of carbon dioxide accumlated by a umt of blood m its passage through 
the body is not only m itself significant but also allows the calculation 
of the output of the heart per minute accordmg to the prmaple of 
Fick (1870) When the heart rate is also known, the output of the 
heart per beat may be calculated, and this, Yandell Henderson states, 
IS probably both for physiological and dmical purposes the most 
important quantitative function of the body The study reported 
m this paper was mitiated with the purpose of measuimg the out- 
put of the heart 

Calculation of the cardiac output by Fick’s prmaple demands a 
knowledge of two facts (1) the amount of oxygen absorbed by the 
body per minute and (2) the amount of oxygen taken up by each 
umt of blood as it passes through the lungs Division of the total 
oxygen per minute by the oxygen taken up by each umt of blood will 
express the number of umts of blood passmg through the lungs each 
mmute The determination of the oxygen taken up by each umt 
of blood requires knowledge of (1) the oxygen content of the blood 
as it leaves the lungs (arterial blood) and (2) the oxygen content of the 
blood as it enters the limgs (mixed venous blood) 

Fick’s prmaple may be apphed as well if the correspondmg figures 
for carbon dioxide are known 
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GASEOUS CONTENT OP THE MIXED VENOUS BLOOD 

In lower animals artenal blood and true venous blood are obtained by direct 
pxmcture of the left and nght ventncles but this method can not be apphed to man 
Artenal blood can be obtamed safely and convemently m human subjects by 
artezy puncture, as descnbed by Stadie (1919) To obtain mixed venous blood 
IS, however, less simple, smce there is abundant evidence to show that blood from 
a superfiaal vem may have a gas content qmte different from that of the blood 
which, collected from the entire body, finally enters the lungs as the mixed venous 
blood (Uyeno and Doi (1922), Barcroft and Nagahaski (1921), MeaLms and 
Davies (1922), Dautrebande, Davies and Meakins (1923), Peters, Barr and Rule 
(1921), Meakms, Dautrebande and Fetter (1923), Stewart (1923) ) 

It is necessary, therefore, that the measurement of the gas content of the mixed 
venous blood be approached mdirectly The problem may be approached by way 
of the lungs, usmg a respiratory method of the sort devised m the laboratory of 
Pfliiger, who first suggested the use of the lungs as an aerotonometer VTien 
blood comes m contact with air m the limgs, the gases m the blood and m the lung 
air tend to come mto pressure equihbnum If a gas mixture is held m the lungs, 
it takes up gases from the blood or gives them up to the blood accordmg to whether 
the gas tensions m the mixture are lower or higher than those of the blood entering 
the lungs This prmciple has withstood the attack mitiated bv Bohr (Barcroft, 
1914), and seems firmly established It is generally accepted that blood exposed 
at a given temperature to a given gas tension will contam the same amount of gas 
whether m a tonometer or m the limgs 

The tension of oxj^gen and of carbon dioxide m the mixed venous blood may be 
determmed by the analysis of air after its equihbration m the limgs with the blood 
entering them The tensions bemg known, the contents may be calculated by 
applymg the tensions to the dissociation curves of the two gases for the blood of the 
mdmdual subject Upon these prmaples several methods for the determmation 
of the gases of the mixed venous blood have been evolved, which overcome the 
various techmcal difficulties with more or less success The contnbutions of 
Loewy and v Schrotter (1905), Plesch (1909), Henderson and Pnnce (1914), 
Meakms and Davies (1922), Christiansen, Douglas and Haldane (1914), Douglas 
and Haldane (1922), Fndenaa (1918), Barcroft, Roughton and Shoji (1921), 
and Redfield, Bock and Meakms (1922) are espeaally noteworthy 

Reviews have recentlv been published by Henderson (1923) and bv Wiggers 
(1923), and further mention of previous methods will be made therefore only as 
they are related directly to the one we shall desenbe 

The basic pnnaple utih^ed by all previous methods is the determmation by 
respiratory methods of the tension of oxygen or carbon dioxide m the mixed venous 
blood, and then the calculation by means of dissoaation curves of the gas content 
of the blood at the tension determmed It has been shown that the amount of 
these gases taken up by blood when exposed to them at given tensions vanes with 
different mdividuals, and that the tension of each gas involved influences the 
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dissoaation am e of the other Furthermore, when the ph>’sioIogical processes 
are disturbed b} the changes inadent to disease the dissociation curves may be 
no longer constant for the mdividual and should be determined at the time the 
gas tensions are determined Therefore it appears that the appbcation of gas 
tensions to dissoaation omes not onl> entails a considerable technical burden 
but is open to the cntiasm of being indirect and perhaps untrustworthy in dis- 
eased subjects We ha\ e devised a method m which the apphcation of dissocia- 
tion cun es IS not made 


THE METHOD 

The general pnnaples of the method we have devised are as follows 
B}’ a respiratory method a gas mixture is obtained in which both 
the oxj^gen and the carbon dioxide are m equihbnum with these gases 
of the mixed venous blood A tonometer is filled directly with this 
gas and blood of the subject is equilibrated with it under standard 
conditions Blood so treated is, as it were, ''artifiaal” mixed venous 
blood and its analj’sis supphes the data of which we are m search 
The respiratory procedure is readily accomplished by imtramed 
subjects under conditions suitable for the study of hospital patients 

The gas tension of the blood We attacked the problem of obtam- 
mg the desired gas mixture by utihzmg the method of Henderson 
and Prmce A rubber bag was filled with about 2,000 cc of air, and 
this was inspired by the subject after a deep expiration FoUowmg 
the recommendation of Laurens (1918) the air was breathed back 
and forth several times within a penod of ten seconds After the 
tinrd expiration mto the bag it was closed by turning the tap, and a 
sample of the gas taken After an mterval of three rmnutes the process 
was repeated, the senes of samples thus obtamed represented the 
onginal contents of the bag modified during each penod by the mixture 
of the residual lung air and contact with the blood flowmg through 
the lungs The samples were analysed m duphcate for oxygen and 
carbon dioxide with the Henderson modification of the Haldane 
apparatus 

In such a senes of samples the CO 2 tension usually became fixed 
after 4 to 6 rebreathmgs at about 45 mm and did not thereafter 
change no matter how many times rebreathed The oxj^gen tension 
became fixed more slowly, the number of rebreathmgs necessary de- 
pendmg upon the composition of the gas mixture ongmally m the 
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bag, but eventually (after 6 to 9 rebreathmgs) it showed no further 
change, but remained at about 80 mm It was evident that although 
the CO 2 of the gas mixture might be in equihbnum with that of the 
mixed venous blood the oxygen was not, as with an oxygen tension 
of 80 mm the venous blood would be over 90 per cent saturated, 
which is obviously not the case Such a rebreathmg method is not to 
be expected to give an oxygen tension m equihbnum with the venous 
blood, as between each rebreathmg penod, room air contaimng 
approximately 21 per cent of oxygen is drawn mto the lungs, and at 
least 1,000 cc of residual air contaimng 16 per cent oxygen remams 
m the lungs at the begmning of each rebreathmg penod It is 
clear, as Plesch and others have pomted out, that before the contents 
of the bag are taken into the lungs a preliminary adjustment of the 
lung air must be made which reduces the oxygen to a pomt near that 
of the venous blood, m order to permit the oxygen of the lung air to 
come mto equihbnum with that of the venous blood durmg the short 
time available for the exposure of the air to the blood This reduction 
of the oxygen of the lung air was accomphshed by takmg two breaths 
of a low-oxygen mixture just before each rebreathmg This mixture 
was made up so that the lung air after two full breaths of the mixture 
had COj and oxygen tensions approximatmg those of the mixed 
venous blood The samples of lung air were obtained by means of a 
Haldane tube into which was expired the second breath of the low- 
oxygen diluting mixture 

When each rebreathmg was preceded by such a prehmmary adjust- 
ment of the lung air, it was found that the fixation of oxygen tension 
occurred at a pomt not mcompatible with previously known physio- 
logical facts and that this pomt vaned but shghtly m successive de- 
termmations on the same individual 

It was then necessary to devise a method for determimng the amount 
of oxygen m the mixture which should be breathed m order to reduce 
the lung air to approximately that of the venous blood, and to test the 
assumption that a constant tension was reached which actually rep- 
resented the oxygen tension of the mixed venous blood The method 
that was used for this purpose consisted m carrymg on simultaneously 
two similar experiments, usmg two large spirometers contaimng gas 
mixtures of somewhat different oxygen tensions, so adjusted that the 
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lung air obtained after two inspirations from one spirometer had a 
higher oxygen tension than that of the supposed venous blood, while 
the lung air obtamed after two inspirations from the other spirometer 
had a lower oxygen tension than that of the supposed venous blood 
The two rebreathing bags were used alternately, so that conditions 
were the same throughout all rebreathing penods Each bag was 
filled at the onset with an expiration following two full inspirations 
from the correspondmg spirometer, and then at three mmute mtervals, 
the air m one or the other bag was rebreathed three times following 
two full inspirations from one or the other spirometer When the 
spirometers contamed properly adjusted gas mixtures, the successive 
samples taken from one bag showed a lower oxygen tension after such 
rebreathmg down to a pomt where no further change occurred, while 
the successive samples from the other bag showed a higher oxygen 


TABLE 1 



Sppomctcri 
(Oi tension) 

Spirometer n 
(Oi tension) 


viir Hg 

nr:- Hg 

Spirometer mixture 

10 4 

6 8 

Alveolar sample 

32 0 

27 6 

9tli rebreathing 

31 4 

30 9 


tension after each rebreathing up to a pomt where no further change 
occurred The pomts where the successive samples remained con- 
stant were almost identical m the samples from the two bags It 
was evident, therefore, that the oxygen tension m the two bags at the 
end of such a procedure was that of the mixed venous blood A large 
number of such experiments were conducted on the same mdividual 
under fairly constant conditions of rest m order to dete rmin e not 
only the most smtable oxygen mixture but also the rapidity and 
accuracy with which the oxygen of the lung air came mto equilibnum 
with the oxygen of the mixed venous blood Table 1 gives the 
results of such an experiment These figures together with other 
evidence that is not published furnish evidence that the oxygen tension 
of the gas mixture m the rebreathmg bag may be brought mto eqm- 
libnum with that of the blood entermg the lungs when the ox>gen 
of the lung air is properly diluted before each rebrea thm g It was 
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found that the proper dilution of the oxygen of the lung air was brought 
about by inspiring a mixture contaimng from 0 7 to 2 per cent oxygen 

However, the two inspirations for reducing the oxygen also reduced 
the carbon dioxide of the lung air, so that the final carbon dioxide 
figure in the bag was too low It was evident that if it was necessary 
to breathe a low oxygen mixture to reduce the oxygen it was necessary 
to breathe a high CO 2 mixture to mamtain the CO 2 tension It was 
found that when the dilutmg mixture contamed 6 to 7 per cent CO 2 
the lung air after two diluting breaths had a CO 2 tension of about 45 
mm Hg and gave final mixtures in the bag which were only shghtly 
lower than obtamed by the method of Henderson and Pnnce This 
shght discrepancy is assumed to be due to the difference m the oxygen 
saturation of the blood 

The gas mixture for adjusting the lung aur was made up by intro- 
ducmg commeraal mtrogen, room air, and carbon dioxide m a 100 
hter spirometer It was found important to mix the gases after they 
were run mto the spirometer m order to get a constant mix ture dunng 
experiments Because of changes which occur m the gas mixture on 
standmg over the water m the spirometer, it was made up immediately 
before it was used, and samples for analysis were withdrawn immediately 
after the rebreathing procedure 

TJte respiratory procedure The method of carrymg out the respira- 
tory procedure was as follows AU data were obtamed imder constant 
conditions of bodily exerase, of the takmg of food, of room temperature 
and as far as possible of psychic activity The subject was placed 
in a reclming chair and rested for a penod of about half an hour 
and until the heart rate became slowed to 72 beats per nunute or less 
The apparatus was arranged as shown m figure 1 The breathing tube 
was adjusted so that it was exactly at the level of the subject’s 
mouth, and only a slight movement of the head was necessary to re- 
move the mouth from the apparatus No other movements were 
allowed dunng the experiment (In the last few experiments an 
additional 3-way cock has been attached to the breathing tube, so 
that the subject could remain connected to the apparatus by a rubber 
mouth-piece and still breathe from room air, spirometer, or bag as 
occasion demanded ) The tube from the spirometer was attached 
to a respiratory valve which in turn was attached directly to one arm 
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of a 3“V\a\ stop-cock The rcbrcathing bag v\as attached to the 
other ami, so arranged that bj turning the cock, the subject was 
m connection either wth the spirometer or vMth the rebreathmg bag 
A\Tien all was adjusted the subject inspired two or three times from 
the spirometer, thus filling all tubes .with the gas mexture The 
last expiration was directed b\ the operator into the rebreathmg bag 
by turning the stop-cock at the end of the last inspiration Irom the 
spirometer the bag havnng been previoush emptv The tape of 



Fig 1 Tnr Apparatls pok Carrying Olt the Respiratopy Pro- 
cedure 

The stop cock of the Hficlanc-PncstK tube is also shown 

the spirometer was then read in order to record the amoimt of the 
gas mixture used each time for adjustmg the lung air and the subject 
was encouraged to keep this amount fairl> constant As a rule about 
60 per cent of the subject’s vital capaatymcachof the two respirations 
was foxmd satisfactorv The fact that slight vanations m the depth 
of the inspirations did not matenalK influence the rebreathmg results 
was repeated!} demonstrated 

A t}"pical respirator} procedure ma} be desenbed as follow » 
The nose of the subject is closed with a nose clip and he applies hi^ 
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mouth to the breatlung tube and expires fully, the cock being turned 
so that the expiration escapes to the outside air He then takes 
five full breaths, the stop-cock being turned at the end of the exiDira- 
tion following the second inspiration from the spirometer, so that 
the third, fourth and fifth breaths are in and out of the bag At 
the end of the last expiration into the bag the cock is again turned, 
shutting oft the bag, and the subject is directed to move the mouth 
from the breathing tube and to breathe outside air The entire 
procedure requires Irom eighteen to twenty seconds, divided equally 
between the inspirations from the spirometer and the rebreathing 
to and from the bag The procedure can be earned out ^orrectl}'’ 
b)- ordinary hospital patients with little or no practice The subject 
is fairly dyspnoeic for five or six breaths after the rebreathing and 
may show moderate cyanosis, but there is no change in heart rate 
This procedure is repeated seven to eleven times, with an inten^al 
of three minutes between each When samples are required the}'’ 
are taken from the bag immediately after each rebreathing so that 
diftusion of gases through the rubber bag plays no part in the results 
In order to demonstrate the changes that take place m the CO 2 
and oxygen tensions during each rebreathing a series of analyses 
was made The spirometer contained at the end of the expenment 
a mixture hainng a CO 2 tension of 45 6 mm (6 45 per cent) and an 
oxygen tension of 6 7 mm (0 94 per cent) The rebreathing bag 
contained 2000 cc of room air at the start The successive samples 
ga\ e the results shown in the cun'es of figure 2 

Two questions may be raised regarding the statement that the 
gases in the final gas mixture in the rebreathing bag are in equilibrium 
vith the gases of true mixed venous blood The first question is do 
the samples withdrawn from the bag represent the gas mixture actually 
in contact vith the blood flowing through the lungs^ In other words, 
has there been a perfect mixture throughout the system composed of 
the lungs, respiratory passages, bag and the connecting tube'^ This 
question is best answered by reference to the recent Avork of Lundsgaard 
and Schierbeck (1923) They studied by an ingenious method the 
mixing of h} drogen and oxygen in a lung-bag system, and found 
that when two liters of a gas mixture Aierc rebreathed three times 
following txqAiration to the residual air, a perfect mixture Avas obtained 
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Fig 2 Covstructed rROii xbe Analyses or Successive Saupees 

WiTHDRAWK rroii THE Rebreathixg Bag ^ttee Each Rebreathtsg 

The figures gi\ e the O and CO* tensions obtained bv each anal\ sis 
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in botii of the two normal subjects studied Douglas and Haldane 
(1922) have also considered this question Their experiments showed 
that by merely takmg a single deep breath of a gas mixture it is 
impossible to produce an even mixture m the lung alveoh When, 
however, there is no great relative difference between the percentage 
of a gas m the mixture mspired and the percentage already present 
in the alveolar air, this source of fallacy is of minor importance 
They found that with a large difference m the percentages as m 
measurements of venous oxygen tension by their method at least 
three maximal breaths were required to obtain a perfect mixture 
Our subjects rebreathed on an average 2 25 liters of aur to and from 
the bag, the composition of which was fairly close to that contamed 
m the lungs after two mspirations from the spirometer We beheve 
therefore that in the hght of the constancy of our results and the 
experience of others that the gas samples from the bag represented 
exactly or very closely the mixture that had been exposed to the blood 
in the lungs It is possible that m studymg patients with respiratory 
or circulatory disorders true mixtures may not be so readily obtained 
The second question is may the blood flowing through the lungs 
during the rebreathing be considered as true mixed venous blood of a 
restmg subject? There are two factors which may so alter the blood 
that it IS not true venous blood One is improper aeration of the 
blood previous to its passage through the systemic capiUanes, and 
the other is a change m rate of flow of blood through the systemic 
capillanes In order that the first factor may not come into play, 
the respiratory procedure is limited m time, so that no blood that 
has passed through the lungs when filled with other than the normal 
lung contents again returns to the lungs during the procedure Our 
own experiments and the experience of all other workers in this field 
are m agreement that for restmg subjects no such error is mtroduced 
when the respiratory procedure does not exceed twenty seconds In 
regard to the rate of flow through the systermc capillanes, it is known 
that when the blood flow is slowed, more oxygen is given off and 
more COo taken up by the blood than when the blood is flowing at 
Its usual rate It is probable that there is a certain amount of quicken- 
ing of blood flow through the capillanes dunng our respiratory pro- 
cedure, as dunng deep breathmg blood is drawn more rapidly to the 
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heart than during normal respiration During the two deep inspira- 
tions from the spirometer therefore, it is probable that the blood flow 
is quickened, and this may result m a more rapid flow of blood through 
some of the systemic capiUanes It would be expected that imder 
these arcurostances a sbght nse m the oxygen tension and a sbght 
fall m the CO 2 tension of the mixed venous blood would occur, as 
less oxygen would be given up to the tissues and less COi taken away 
when the blood flow through the capillanes was quickened This 
would in turn produce an error m the final blood gas figures which 
would dimmish the figures for oxygen utilization and for COj produc- 
tion This possible source of error was pomted out by Barcroft, 
Roughton and Shoji (1921), who thought that the alteration of the 
rate of blood flow through the systemic capfllanes produced by then* 
respiratory method mtroduced a tnvial error m then* results We 
have not been able to mvestigate this possible source of error directly 
on our own subjects, but when our figures for oxygen utflization and 
COz production are compared with those of other, s we find that there is 
no evidence of any dirmnution m the oxygen utilization or CO 2 
production Our figures, as will be seen later, are usually higher than 
those obtained for these values by other workers m the field 

We bebeve therefore that all the questions regarding the proper 
mixing of gases and possible changes m the mixed venous blood may be 
answered satisfactorily, and that our respiratory method yields a 
gas m i x ture the gas tensions of which are within 1 0 mm Hg of the 
gas tensions of the blood 

The gas content of the blood In order to determine the gas content 
of the rmxed venous blood two 300 cc tonometers were filled with the 
gas from the bag over mercury after the last rebreathmg Blood 
was then obtamed under oil, oxalated and dulled Approximately 
6 cc of this blood was transferred to each tonometer and they were 
then rotated by motor for twenty minutes m a water bath at body 
temperature The excess pressure m the tonometer due to the nse 
m temperature was released after five mmutes of rotation by opemng 
one end of the tonometer just under the surface of the water In 
most of the experiments venous blood was used for equibbration, but 
following a suggestion of Peters (1924), artenal blood was used also m 
some later ones No difference m the gas content of the blood was 
observ’’ed 
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We have followed the first method descnbed by Austin, Cullen, 
Hastmgs, McLean, Peters, and Van Slyke (1922) m eqmlibratmg the 
blood The blood was withdrawn into small sampling tubes from 
the tonometer while it was still immersed in the water bath, placed 
under oil or over mercury and kept in an ice bath until analysed 
Samples of the gas mixture were taken from the tonometers after 

TABLE 2 
Experiment 1 

May 29, 1923 Barometer 758 0 Temperature 25®C Subject H Weight 66 kilos 
Age 28 Average pulse rate 61 



Oi>^cn tension 

Carbon dioxide 
tension 



mm Hg 

mm Hg 

Diluting mixture 


28 2 

45 0 

Pulmonary air after dilution 


38 7 

45 4 

Gas m rebreathing bag 




After 9th rebreathing 


36 7 

45 7 

After 11th rebreathing 


36 0 

46 1 

Gas m tonometer 


35 8 

45 9 


Oxygen content 

Carbon dioxide 
content 

Oxygen 

saturation 


vol per cent 

vol percent 

per cent 

Artenal blood 

22 46 

43 59 

96 

Mixed venous blood 

16 41 

48 58 

71 

Difference 

6 05 

4 99 

1 - 

J 25 

i 

CC 

cc 


Total gas exchange per minute 

231 

■ 182 


Cnculatory minute volume i 

3820 

3650 


Output per beat 

63 

60 


Respiratory quotient, external 

0 79 



Respiratory quotient, internal 

0 83 




the blood was removed The blood was analysed in the large model 
apparatus as descnbed by Van Slyke and Stadie (1921), 1 cc of blood 
being used for each analysis, and results were accepted only when the 
duphcate analyses checked properly A specimen of blood was with- 
drawn from the brachial artery immediately after the venous blood 
was obtamed, following the techmque descnbed by Stadie (1919), 
and subjected to analysis under the same conditions as the equih- 
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brated blood Tbe subject was kept at the same state of rest while 
the blood samples were bemg withdrawn as when the respiratory- 
procedures were bemg earned on 

BESULTS 

Our complete experiments were earned in the followmg order 
The subject came to the laboratory m the mommg without breakfast, 

TABLE 3 
Expenrert 2 

June 5, 1923 Barometer 759 4 Tempeiatore 28^C Subject H Weight 66 kilos 


Age 28 Average pulse rate 64 



Oxygen tension 

Carbon dionde 
tension 



nri- Hg 

inr:,Hg 

Muting nurture 


j 8 2 

1 53 3 

Pulinonar> air after dflution 

Gas in rebreathmg bag 


39 1 

45 4 

After 9th rebreathmg 


39 1 

47 2 

After 10th rebreathmg 


38 9 

46 9 

Gas m tonometer 


38 8 

46 9 


content 

Csxbon dionde 
content 

Oxygen 

astomtion 


vcl ptreeni 

70 J {xr ctrA 

perceni 

Arterial blood 

22 60 

45 02 

96 

hGied venous blood 

17 01 

49^2 

73 

Difference 

5^9 

4^ 

23 


CC. 

cc. 


Total gas exchange per minute 

230 

187 


Circulatory mmutc volume 

4115 

4150 


Output per beat 

64 

65 


Respiratory quotient, external 

0 81 



Respiratory quotient, mtcmal 

0 80 




and rested in a reclining chair for half an hour, and until the pulse 
rate had assumed a constant low level (60 to 72 per minute) The 
expired air was collected during a six-mmute period in a Tissot spirom- 
eter to detennme the amount of oxygen absorbed and CO 2 produced 
per nunute The respiratory procedure was then conducted as 
desenbed As soon as this was completed, venous and arterial 
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blood samples were obtained, and the subject released These 
procedures usually required about an hour and a half or two hours 
We wish to report as examples the results of two experiments 
earned out on a normal subject under similar conditions of complete 
rest duimg the post-absoiptive penod 

These experiments were performed on the same subject one week 
apart They are in substantial agreement throughout The last 
seems to be the more successful, as there is almost exact agreement 
of the respiratory quotients obtained from the blood gas analysis 
and from the gas exchange in the lungs (Tables 2 and 3 ) 

It wdl be observed that m these experiments the circulatory mmute 
volume calculated from the oxygen figures are m closer agreement 
than those calculated from the carbon dioxide figures It may be 
said that in making a senes of observations on the same subject the 
oxygen figures are much the more constant and that when great 
fluctuations occur they occur only in the carbon dioxide figures This 
IS understandable when it is considered that in determimng the blood 
flow from the difference between the artenal and venous oxygen m 
normal people there is, practically speakmg, only one vanable smee 
the artenal oxygen content is fixed at approximately 95 per cent 
of the oxygen capaaty , while when the flow is denved from the carbon 
dioxide content of artenal and venous blood we are deahng with 
two vanables, since the artenal CO 2 content may vary with the depth 
of respiration 

These two experiments illustrate also the fact that the final eqm- 
hbnum in the bag is mdependent of shght changes m the diluting 
mixture Thus, m Experiment 2 a lower O 2 m the dilutmg mixture 
is assoaated with a higher O 2 in the bag than m experiment 1 

COMMENTS 

We have attempted to test our method, not only by the vanous 
means already desenbed but also by comparmg our results with 
known physiological facts For example, the amount of oxygen taken 
up by the blood m the tonometers has with the exception of one out 
of twelve mdividuals been found to fall withm the hmits of oxygen 
dissociation curves published by Barcroft (1914) and others as normal 
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The pH of the ‘^mixed venous bloods,” calculated from the relation 
of CO2 tension and CO2 content, is m agreement with the figures 
published by Peters, Barr and Rule for the pH of venous blood of 
normal restmg subjects We have laid particular stress upon the 
importance of an agreement between the relation of oxygen lost 
to CO2 gamed by a imit of blood and the respiratory quotient deter- 
mmed by the Tissot method The respiratory quotient determmed 
by the blood gases will agree with that determmed by the Tissot 
method only when the figures for the oxygen and CO2 contents of 
both artenal and venous blood are correct or else vary m the same 
direction and to the same extent from the correct figure This agree- 
ment has been reasonably dose m all our experiments m which some 
obvious error did not occur 

A consideration of our figures for the mmute output of the heart 
IS reserved for a separate paper It may be stated here however 
that a comparison of blood flow figures would add very httle as a 
check on the accuracy of any particular method, as there has been 
a strikmg lack of agreement m results obtamed by different observers 
usmg different methods 

We have used standard methods of analyses and have therefore 
not described our anal3rtical procedures Our method for the most 
part IS a combination of those that have been previously described 
The technical contributions that we have made consist m the employ- 
ment of alveolar air samples obtamed by the Haldane-Pnestly method 
after adjustment of the lung air, m order to determme the proper 
gas mixture to be used for dilutmg the lung air, the double rebreathmg 
method for dete rminin g the correctness of the oxygen tension m the 
rebreathmg bag, the method of obtaining a gas mixture m which all 
gases are m equihbnum with those of the venous blood, and the direct 
use of this gas mixture for obtaining so-caUed mixed venous blood 
by equilibration m a tonometer 
Many analyses of gas and blood are necessary to obtam aU the 
data required for a complete experiment, but this burden falls on the 
workers and the procedures do not call for speaal traming or endurance 
on the part of the subject We beheve therefore that our method is 
readily apphcable to hospital patients of average mtelhgence who 
are not acutely ill 
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SUMMARY 

A method for obtammg the gaseous content of the mixed venous 
blood of man has been developed that gives results for healthy restmg 
subjects that fulfill practically aU reqmrements of known physiological 
facts 

When the results of the method are combmed with those of analysis 
of the artenal blood and of the determination of the gas exchange 
m the lungs, data is at hand for calculating the output of the heart, 
per minute and per beat 

The method is apphcable to untrained subjects, and should be of 
value m the study of cardiac disease and of disturbances of the 
respiratory functions of the blood 
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THE RATE OF THE CHICULATION OF THE BLOOD IN 
NORMAL RESTING INDIVIDUALS* 

By H held, Je., A. V BOCK, E F GILDEA, akd F L LATHROP 
{From iht Medical Laboratories of the Massackuseils General Sospilalj Boston, Mass ) 

(Received for publicatioii, September 10, 1924) 

This paper describes two alhed methods for the determination of 
the rate of blood flow which have )aelded consistently reproducible 
results m imtramed subjects The data obtamed m forty experiments 
on twenty-one normal restmg mdividuals are presented in tabular 
form The first method is smtable for use with subjects having prac- 
tically any type of pathology but m the resting condition only The 
second method is inapphcable when the subject has a pulmonary le- 
sion preventing ventilation of part of the alveoli or a cardiac defect 
permittmg mixture of artenal and venous blood With these restnc- 
tions, however, this method should be useful as it can be earned out 
m a short time, with a high degree of accuracy and imder varymg 
conditions of activity 


ilETHOD I 

Several investigators have studied the circulation rate, determin- 
mg the gases m the mixed venous blood by some procedure m which 
the limgs are used as an aerotonometer, and those m the artenal 
blood mdirectly from the alveolar air or directly by analysis of blood 
obtamed by artenal puncture Burwell and Robmson, in a contem- 
porary pubhcation (1) have reviewed the hterature of the subject 
and a complete bibbography wfll not be given here 

The method of CTinstianson, Douglas, and Haldane (2) is difficult 
to apply to patients but, m suitable subjects, should yield results 
of the correct order of magmtude It consists in the inhalation of 
a mixture of COj and air (oxygen was used instead of air m a few ex- 

*The expenses of tins research were defra>ed in part by the Proctor Fund and 
by the Tutorial Fund of B[arvard University 
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penments) of such proportions that two alveolar air samples taken 
at the end of half and complete expirations at five second intervals 
subsequent to the inhalation show no change or but shght change m 
CO2 content, mdicatmg that they were in equihbnum with the CO2 of 
the mixed venous blood This requires the use of several mixtures 
m order to obtam one that satisfies the above requirement or two 
that he upon either side of the venous CO2 tension and sufliaently 
close to It As the ongmators pomted out, the figure thus obtamed 
represents the tension of CO2 in the mixed venous blood after it has 
become oxygenated without change in its CO2 content, and a correc- 
tion must be apphed m order to obtam the actual CO2 tension of the 
venous blood. This, they verified by experiments m which both the 
CO2 and O2 tensions were obtamed simultaneously by ‘‘straddhng” 
as described above They determined the CO2 content of the arter- 
ial blood by applymg the CO2 tension observed m the alveolar air by 
the Haldane-Pnestly method ( 3 ) to the same CO2 dissoaation curve to 
which the venous tension was apphed This curve did not need to be 
determmed m each experiment for they assumed that, although the 
heights of diflterent curves vary, the slopes are approximately the 
same 

Y Henderson and Prmce ( 4 ) pomted out that this method of obtam- 
mg the mixed venous CO2 tension was cumbersome and that the same 
result might be arrived at much more simply by a procedure m which 
expired air was inhaled from a rubber bag, held m the lungs for five 
seconds and exhaled mto the bag After this had been repeated sev- 
eral tunes the CO2 content of the mixture rose to a height at which 
It was constant through further repetitions The figure thus obtamed 
corresponded to CO2 tension of oxygenated mixed venous blood or, as 
Y Henderson later ( 5 ) called it, the “virtual” venous CO2 tension 

Meakms and Davies ( 6 ) stated that they obtamed indifferent re- 
sults with the Henderson and Pnnce method of obtammg the mixed 
venous CO2 tension This, they ascribed to improper imxmg of the 
gasses m the lungs after a smgle mspuation and vaned the procedure 
by havmg the subject exhale as deeply as possible, inhale from a bag 
of expired air, exhale deeply mto the bag, inhale from the bag a second 
tmie, and finally exhale forcibly mto the bag A portion of the last 
of the air of the final expiration was removed into a Haldane gas samp- 
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Img tube through a side tube interposed between the mouthpiece and 
the bag They also noted that, m patients, determinations of the 
arterial CO2 content by direct analysis of arterial blood were much more 
satisfactory than those made by mteipolation of the alveolar CO2 
tension on the COj dissociation curve 

Burwell and Robinson ( 1 ) have developed a method with which, by 
dllutmg the residual air with a proper mixture of COf, 0 ^, and Nj, 
preliminary to the rebreathmg, they obtam air m equilibrium with 
both the O2 and CO2 of a mixed venous blood By analysis of the 
subject's blood equilibrated at body temperature m tonometers 
filled with gas from the rebreathmg bag they obtam both the CO2 
and O2 content of the mixed venous blood Havmg analyzed directly 
both the CO2 and O2 of the arterial blood, they are able to determme 
the circulation rate from both gases and also the “respiratory quo- 
tient" of the blood They thus have a double check on the accuracy 
of the procedure 

In our methods the COj only of the arterial and mixed venous bloods 
IS determined In the first method the COi content of arterial blood is 
detennmed both by direct analysis and by mterpolation of the alveolar 
CO2 tension on the CO2 dissociation curve, determined m each expen- 
ment and corrected to 95 per cent oxygen saturatiom The assump- 
tion that the arterial blood has an oxygen saturation of 95 per cent 
IS, m all normal and m most pathological subjects, dose enough to the 
actual condition so as to lead to no appreciable error T\hen the fig- 
ures thus obtamed by two different methods agree reasonably well 
there is afforded suffiaent check as to the accuracy of the determina- 
tions The case of disagreement will be discussed later 

The CO2 content of the mixed venous blood, we obtam by applymg 
to the CO2 dissoaation curve for completely oxygenated blood the 
CO2 tension obtamed by the Henderson and Prmce method modi- 
fied m the followmg particulars The equilibration time is prolonged 
to 15 seconds which is quite safe m the restmg subject. The sugges- 
tion of Meakins and Davies ( 6 ) of rebreathmg instead of holdmg the 
mixture m the lungs has been adopted but the subjects rebreathe four 
or five times instead of twice This ma3’' be done m fifteen seconds with- 
out noticeable exertion A mixture of 6 per cent CO2 with 94 per cent 
Oi rather than expued au is used for the rebreathmg Finally about 
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12 cc. of CO 2 is generally added to the mixture between rebreathmg 
periods in order to compensate for the diluting effect of the residual 
lung air and to raise the CO 2 tension to that of the oxygenated mixed 
venous blood very quickly This addition of CO 2 between rebreathmg 
periods is not essential m the case of resting subjects, at least, but it 
has given us more confidence in the equihbrations, espeaally m experi- 
ments with untramed subjects and m experiments during exerase 
when the more rapid blood flow necessitates reducing the period of 
rebreathing to five or ten seconds 

The use of a mixture with a high O 2 content for the rebreathing 
seems essential if the assumption is to be made that the CO 2 tension 
obtamed is that of oxygenated venous blood We have found O 2 
tensions of from 65 to 75 ram of Hg m the gas mixtures after several 
rebreathing penods when the bag was filled in the begmmng with ex- 
pired air Such tensions would be msuffiaent to oxygenate the blood 
completely even if complete equflibnum between it and the oxygen of 
the alveolar au were attained But because of the slowness of O 2 
diffusion and because of inequahties of ventilation in different parts of 
the lungs together with the mabflity of the blood to equalise the O 2 
effects of such varying ventilation, as pointed out by Haldane (7), 
the O 2 tension of blood leavmg the lungs is considerably less than that 
of the alveolar air The use of expired air for the rebreathing and the 
calculation of results on the assumption that complete oxygenation 
of the blood is thereby permitted causes an error that cannot readily 
be corrected because oxygenation will not be complete and the amount 
of unsaturation of the blood will not be known By the use of high 
oxygen mixtures we have obtained figures for CO 2 tensions from 0 5 
to 1 0 Ttrm of Hg, higher than those obtamed by rebreathing expired 
air Table 1 shows the results of experunents m which bags contam- 
ing the high oxygen mixture and expired air were used at altematmg 
penods 

A mixture contaimng at the begmmng 94 per cent of O 2 may be 
used for five or six penods of rebreathmg before the 02 tension falls 
below about 150 mm of Hg At this tension, with the increased 
depth of respiration used m the experiment, there will be no signifi- 
cant oxygen unsaturation of the blood passmg through the lungs 
As, under the conditions outhned above, the CO 2 tension remains 
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TABLE 2 


Expemnent 

‘'Virtual” venous COa tetrrioa 

12 cc, COj added between penods 

Ko eXh added 


tnm- Hg 

nE%Hg 

( 

38 4 

38 7 

1 

40 1 

39 5 

1 

39 1 

37 8 

Average 

39 2 

38 7 


40 6 

41 7 

2 

41 3 

40 9 


40 7 

41 5 

Average 

40 9 

1 

41 4 


44 2 ! 



44 7 

45 2 

o * 

44 8 ! 

44 7 


44 35 

44 7 

Average 

44 5 

44 9 
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practically constant from the second to the fifth or sixth rebreathing 
period, samples may be taken after each of four or five penods without 
renewmg the gas mixture This is ordinanly suffiaent to give a 
satisfactory average 

For the validity of the assumptions that oxygenation of the venous 
blood, and CO2 equihbnum between it and the gas mixture rebreathed 
are complete, there are several bits of evidence The fact that the 
addition of CO2 to the mixture between penods of rebreathmg did not 
effect the CO2 tensions obtamed is indication of the completeness of 
CO2 equdibnum Table 2 shows the results of experiments m which 
two bags contaming the same high oxygen mixture at the beginnmg 
were used alternately To one of them 12 cc of CO2 was added 
between penods To the other there was no addition of COz 
The fact that vanations in the O2 tension above 150 mm of Hg 
have no effect on the CO2 tensions obtained is evidence of the com- 
pleteness of the oxygenation of the blood even at the lower tensions 
of O2 Table 3 shows the values of both CO2 and O2 m several 
senes of detenmnations 

We endeavored to secure direct evidence by analysis of blood with- 
drawn from an artery dimng the last five seconds of a rebreathing 
penod Such blood should be completely oxygenated and should 
have the same CO2 tension as the air in the rebreathmg bag At 
the first attempt, made dunng the third penod that the mixture was 
rebreathed, the blood was not obtamed before the end of the fifteen 
second mterval so that its CO2 content was mcreased by the second 
return of unventilated blood It was, however, 99 per cent saturated 
with O2 — complete within the error of the analysis or near enough 
so as to have no appreaable effect on the CO2 tension 
At a second attempt suffiaent blood was not obtamed for both O2 
and CO2 analyses It appeared bnghtly artenal and the CO2 con- 
tent, dete rmin ed by direct analysis, was withm 0 2 volume per cent of 
that estimated by mterpolation of the CO2 tension of the mixture that 
was rebreathed on the CO2 dissoaation curve for oxygenated blood 
subsequently determined Table 4 is a protocol of this experiment 
The CO2 ehmmation was calculated from the O2 consumption 
determmed with the Benedict portable metabohsm apparatus, having 
our subjects in the post absorptive condition and assummg a respira- 
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tor^’^ quotient o£ 0 81 This seems to be by far the simplest and fully 
as accurate as any method except the use of the closed chamber 


T\BLE 3 


Ejperiment 

Gas muttirc after rebreathn^ 

Oj tension 

CO« tension 


irm Hg 

rjfTi, Hg 


U7 

46 6 


268 

46 15 

1 y 

246 

46 8 


184 

46 55 


308 

47 9 


271 

47 8 


197 

48 6 


151 

48 2 


284 

42 8 


259 

43 0 

6 < 

192 1 

43 0 


174 

42 7 


423 

44 1 

A 

343 

44 7 

4 * 

232 ! 

46 4 


158 

44 7 


TABLE 4 


“\Trtx:al’' \cnous blcK)d (air after rebrcatimig) 

Artemi blood withdrawn from 15th to 20th seconds of re- 
breathing penod 

Pomts determined on COj dissociation cur\ e for osj'genated 
blood 

Arterial blood (b> interpolation on dissociation curve) 
Height of dissociation curve at 47 3 mm. of Hg tension 


COi tensions 

OOj content 

vm Hg 

Vcl per uni 

47 3 

49 9 

44 5 

49 1 

41 7 

47 7 

44 75 

48 8 

46 8 

50 1 


Vanations m the respiration while the subject is on the apparatus can 
influence the oxygen consumption but httle, while the CO^ elimina- 
tion and the respiratory quotient will be \eTy senously effected 
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Consideration of table 5 will convince one of this latter statement 
The first six columns are copied from the paper of Hendry, Carpen- 
ter and Emmes (8) Each figure represents the average respiratory 
quotient m two of twelve penods done on each subject in a morning 

The average respiratory quotient for the seventeen subjects is 
0 814 In three of the subjects the values obtamed for the different 
penods vaned so greatly and some were so far from the usual post- 
absorptive value that not even the average of twelve penods may be 
assumed to represent the actual quotients Excludmg these three 
subjects, J A C , H 0 , and P G H , the average quotient of the 
remaining fourteen is 0 809 Without much doubt an assumed re- 
spiratory quotient of 0 81 would have approached the actual condi- 
tions m the three subjects named more closely than did the average 
of twelve determinations 

Also, it will be apparent that even in the remaimng fourteen subjects 
it would have reqiured considerably more than two penods to deter- 
mine a respiratory quotient closer to the actual than an assumed value 
of 0 81 In none of these fourteen did the actual quotient, if that 
IS assumed to be represented by the average of the twelve penods, 
differ from 0 81 by more than 0 023 and the average deviation from 
0 81 was only 0 014 On the other hand in eleven of the fourteen 
there was a maximum deviation of the average of two penods from the 
average of the twelve penods of more than 0 02 and for the fourteen 
the average maximum deviation was 0 032 The average deviation 
of the average of two penods from that for the individual was 0 018 
throughout the fourteen This occurred despite the fact that the 
determinations were done m a laboratory where every possible care 
and precaution to eliminate errors were taken They represent a 
degree of accuracy that wiU not be readily duphcated 

The order in which the vanous specimens and data are collected 
m our procedure is of some importance The experiment must be so 
arranged as to consume a minim um amount of time as it is found that 
if it is too prolonged the level of respiratory control may change so 
that both the alveolar and “virtual” venous CO 2 tensions become 
either greater or less than at the beginmng of the expenment or at the 
time when the sample of artenal blood is withdrawn Experiments 
Nos 1 and 2 of table 2 illustrate this change in level The metabo- 
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lism IS the last thing to be done as it is found that the abnonnahty of 
ventilation which is very apt to occur while the subject is connected 
with the apparatus is accompanied by more rapid readjustment of 
base m the blood than had been thought possible 

After a rest period of from 45 to 60 minutes, one or two alveolar 
air samples are collected The first of five 15 second periods of re- 
breathing from the bag to obtain the oxygenated venous CO 2 tension 
IS then begun Samples are removed from the bag after each of the 
last four of these periods If more samples are desired the gas mixture 
m the bag must be renewed An alveolar air sample is collected 
one minute before and agam three mmutes after each rebreathmg 
penod Between periods 2 and 3 the radial artery is anesthetized 
with novocame and between penods 3 and 4 the sample of artenal 
blood IS withdrawn This entire procedure may usually be completed 
withm about thirty mmutes 

It IS not necessary to discuss the details of our technic as they have 
been described m previous papers (9, 10) Suflice it to say, largely 
in recapitulation, that the CO 2 dissoaation curve for oxygenated 
blood was determmed m each experiment Sufficient artenal blood 
was usually obtamed for this purpose When such was not the case 
and the supply was supplemented by venous blood drawn without 
stasis no significant difference between artenal and venous blood 
was noted The alveolar and '‘vutual” venous CO 2 tensions and the 
CO 2 content of artenal blood were determmed by duect analysis 
The CO 2 content of the mixed venous blood and the CO 2 tension of 
the artenal blood were estimated by mterpolation of the correspondmg 
CO 2 tension and content on the CO 2 dissoaation curves for blood 
completely oxygenated and 95 per cent oxygenated, respectively 

Only the collection of alveolar air samples reqmres further comment 
We have recently presented theoretical and experimental evidence 
(11) mdicatmg that the effective alveolar CO 2 tension is very closely 
approximated by that of the Haldane-Pnestly sample collected at 
the end of normal expiration rather than by the average of samples 
collected at the end of both expiration and mspiration We beheve 
that the latter procedure yields results that are 1 to 2 mm of Hg 
tension too low Consequently only expiratory alveolar air samples 
have been taken 
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IIETHOD H 

In experunents done according to the method described above 
there have been discrepanaes between the artenal and the alveolar 
COi tensions In most instances these discrepanaes have been small 
and that fact is indicative of the accuracy of the determinations, it 
making httle difference, m the majonty of cases, whether the cir- 
culation rate is calculated usmg the arterial CO 2 content directly 
determined or that estimated from the alveolar CO 2 tension In a 
few experiments, however, the discrepanaes have been large In 
such a case it is difficult to know which is the correct value to use 

Discrepanaes between the alveolar and artenal CO 2 tensions of 
even greater magmtude than we have found have been observed by 
previous workers (12, 13) They have usually been ascribed to 
mcompleteness of CO 2 equilibnum between alveolar air and artenal 
blood but, as has been shown by Van Slyke (14), this can hardly 
be the correct explanation CO 2 diffusion bemg 20 to 30 tunes as 
rapid as O 2 diffusion there can never be any considerable difference 
between alveolar and artenal CO 2 tensions while there is adequate 
oxygenation of the artenal blood The difference observed can be 
readily explained as the effect of vanations m ventilation between 
the tunes of collection of the samples of alveolar air and artenal 
blood Inasmuch as the CO 2 tension of the alveolar air is mversely 
proportional to the pulmonary ventilation, the CO 2 elimination re- 
mauung constant, it is apparent that the respirations need vary 
but httle to change this tension considerably 

Behevmg this to be the case, we have devised the second method 
m order to avoid the error due to such vanations m alveolar COi> 
tension and to provide a more rapid means of estimating the rate 
of blood flow The object of this method is to obtam simultaneous 
values of the alveolar and '^virtual” CO 2 tensions This we have 
been able to do by means of a simple piece of apparatus usmg 
a three way and a two way valve (Fig 1) The three way valve 
(a) to which a mouth piece is attached permits the subject to breath 
either through the outlet (6) mto the outside air or through the rest 
of the apparatus The two way valve (c) may be turned either mto 
a long tube (d) which has a side tube (e) dose to the valve for collection 
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of alveolar air samples or into a rubber bag (/) contaimng the CO 2 
and O 2 mixture for equilibration with oxygenated venous blood 
During the experiment the subject has the mouthpiece in his 
mouth with the three way valve (a) turned so that he is breathing into 
the outside air The two way valve (c) is turned mto the tube (d) 
At the end of a normal expiration the valve (a) is turned so that the 
subject may make a forced expiration through the valve (c) and the 
tube (d) At the end of the forced expiration the valve (c) is turned so 
that the subject may breathe from the bag (f) He rebreathes the gas 
mixture m the bag four or five times and then near the end of the 
15 second period exhales deeply mto the bag At the end of this 



Fig 1 Apparatus for Collection of Alveolar and “Virtual” Venous 

Air Samples 


expiration the valve (a.) is agam turned so that the outside air is 
breathed A sample of alveolar air is taken into a Haldane samphng 
tube from the side tube (e), (this may be done dunng the rebreathmg 
from the bag, the samphng tube bemg previously attached to the 
apparatus) and a sample of the air m the bag is taken Between 
penods about 12 cc of CO 2 are usually introduced mto the bag 
In this way there is obtained from the bag air that is in CO 2 equihb- 
num with the oxygenated venous blood that was m the peripheral arcu- 
lation at the time when the alveolar air sample was taken The two 
samples thus yield simultaneous values The arculation rate remain- 
ing the same, vanations in pulmonary ventilation should be reflected 
in both the arterial and venous CO 2 tensions and the difference between 
the two should not be effected thereby This is true, however, only 
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within certain limits The tissues serving as a reservoir for CO 2 , 
the venous CO- tension follows changes in the artenal CO- tension 
comparatively slowly Hence if there has been a marked change 
in ventilation immediately preceding the collection of the samples an 
incorrect value for the difference between the artenal and venous CO 2 
tensions will be obtamed In order to reduce the probability of this 
error we have had our subjects keep the mouthpiece in place through- 
out the time that the samples were being collected The biggest 
change m ventilation occurs when the subject shifts from normal 
nose breathing to breathing through the mouthpiece of the apparatus 
Once the brea thin g has become steady at the new level and there 
has been time for adjustment of the CO- tension of the tissues to it, 
the change has no effect on the difference between artenal and venous 


TABLE 6 


Tcii«ioii range 

Factor for slope of CO* dissxiatioii oirvc 

trm Hg 



45 to 50 

0 

42 

40 to 50 

0 

44 

40 to 45 

0 

46 

35 to 40 

0 

48 

30 to 40 

0 

51 


CO- tensions ^Mmor differences m ventilation are followed by rapid 
enough adjustment so that values of a good degree of uniformity 
may usually be obtained and the average of several of these values 
should give a very accurate figure 
The calculation of the arculation rate from the figures so obtamed 
IS simple One millimeter is substracted from the a\erage difference 
m CO- tension between the alveolar air and the oxygenated venous 
blood This IS because of the small difference in CO- tension that 
probably ensts between the alveolar air and artenal blood for reasons 
discussed m another paper (11) and because artenal blood is only 
about 95 per cent saturated with ox}^gen while the high ox>^gen 
mixture used results in practically complete ox^^gen saturation of the 
blood passmg through the lungs dunng the rebreathmg This figure, 
of course, is only an estimate but it is probably nearly correct and an 
error of a few tenths of a millimeter would make but httle difference 
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m the final result The corrected figure for tension difference is then 
apphed to a standard CO 2 dissoaation curve for oxygenated blood 
to reduce it to terms of cubic centimeters This may be most readily 
done by multiplying by a factor correspondmg to the slope of the 
dissociation curve We have not assumed a straight hne dissoaation 
curve although such an assumption would not cause a very great 
error We have used a set of factors corresponding to the different 
ranges of tension over the CO 2 dissociation curve of A V B , pubhshed 
elsewhere (10) Table 6 contains these factors They are accurate 
enough for use with all subjects whose blood contams normal amounts 
of base and hemoglobin In other subjects the slope of the curve 
must be determmed otherwise The data in hand then permit the 
application of Pick’s pnnciple by which the figure for the blood flow 
IS obtained 


DISCUSSION 

Forty determinations of the arculation rate have been made on 
twenty-one mdividuals, all of them young adults, three of them females 
The protocols of these experiments are contamed m Tables 7 and 
8 In the mstances where repeated determinations have been 
made on the same mdividual they usually agree reasonably well In 
the majority of them the vanation is a fraction of a hter In a few 
cases it IS several hters Exammation of the data of such experiments 
leads one to conclude that the vanations are in large part real In- 
deed, they are to be expected for it is probable that the circulation 
rate is influenced by many factors that are beyond control of our 
attempts to secure basal conditions One would expect, for mstance, 
that the circulation rate would be more vanable than the basal meta- 
bohc rate 

When the repetitions have been made by the different methods 
the agreement is agam good In general the figures obtamed by the 
second method are somewhat lower than those by the ongmal one 
Of the two we consider that the second method is somewhat less hable 
to error because of the simultaneous nature of Ihe determmations 
of alveolar and venous CO 2 tensions 

Concerning the noimal circulation rate under basal conditions 
the data herem reported would indicate that the contenders for a 
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THE CmCTJLATION RATE 


Output 

per 

kilo per 
beat 

cc 

1 75 

2 01 

2 08 

1 70 

1 

Circula- 
tion rate 
per 

minute 

liters 

9 23 

9 81 

10 0 

8 1 

t 

1 

ft 

oj 

tion per 
minute 

00 CO ’f-t 

vS CO O Os On 

CN CN «f-l 

Difference 
arterial 
and vcnoua 
COj 
content 

Tol pel cent 

2,58 

2 11 

1 93 

2 36 

1 

Sam- 

ples 

aver- 

aged 

%> 

T-cr^co’^io thcsco^io t-<csco^io -.-hc^ico-^ vot^ 

a 
i: 

COt tension 

Average 
difference | 

mm Hg 

6 73 

! 

5 4 

5 2 

6 03 

Differ- 

ence 

mm Hg 

6 2 

7 2 

6 9 

6 7 

6 65 

5 45 

5 1 

6 0 

5 4 

5 0 

4 8 

5 85 

5 3 

5 1 

5 0 

5 25 

6 55 

6 65 

5 2 

4 6 

5 95 

6 6 

ii 

i 

mm Hg 

46 3 
•47 3 

45 7 

46 55 

47 75 

41 0 

38 7 

39 4 

41 8 

42 9 

43 4 

43 75 

44 8 

44 6 

44 6 

43 2 

43 95 
43 7 

42 4 
' 42 1 

43 7 
i 44 5 

Alveolar 

mm Hg 

40 1 

40 1 

38 8 

39 85 

41 1 

35 55 
33 6 

33 4 

36 4 

37 9 

38 6 

37 9 

39 5 

39 5 

39 6 

37 95 
37 4 

37 05 
37 2 

37 5 

38 75 
37 9 

M 

a 

1 8 
o 

V 

g ▼Hc^coTt'ir) r-icsco^to ^csco'^io T-^csco'^iO'Or^ 

a 

c 

Pulse 

fe H 00 rji 

<v5 to 

■4^ 

rO 

oS 

kilos 

91 

66 

65 

66 


VO 
p CO 

c ^ ^ ^ 

Sex 

S S 3 S 

Subject 

E F G 

H F 

H F 

H F 

4> 

"rt 

O 

1924 

5—23 

5- 24 

7-18 

6- 10 
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Output 

per 

kilo per 
beat 

cc 

1 41 

1 41 

1 57 

1 18 

1 

Circula- 
tion rate 

minute 

liUrs 

5 66 

6 15 

6 63 

6 72 

1 

o £ 

U E 

*4 

tion per : 
mmute 

cc 

194 3 

I 200 5 

182 3 

205 5 

Difference 
arterial 
and venous 
CO, j 
content 

tol per cent 

3 43 

3 26 

2 75 

3 05 

Sam 

pies 

aver- 

aged 

lOO ^ r-icsro 

a 

i: 

CO, tension 

1 Average i 
difference 

tnm Hg 

8 8 

8 4 

j 

i 

7 11 

7 83 
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1 

I 

W 


Output 

per 

kilo per 
beat 

cc. 

1 97 

2 56 

1 53 

1 84 

2 31 

Circula- 
tion rate 
per 

minute 

liters 

8 34 

8 51 

5 13 

6 63 

7 46 

CO, 

elimina- 

tion per 
mmute 

CC, 

180 

207 6 

194 7 

162 

161 

Difference 
arterial 
and venous 
CO, 
content 

Tol percent 

2 16 

2 44 

3 08 

2 45 

2 16 

Sam- 

ples 

aver- 

aged 

W 

■g T-JCSrOTf 

a 

CO, tension 

Average 

difference 

mm Hg 

5 5 

6 8 

7 99 

6 26 

5 8 

Differ- 

ence 

►Sftointo io»o to loto 

w OfOOO tO'OOOrO^ Ot^CNOOC^ 

E voioioto vcoot^oot^ lotovoom 

E 

|g 

u a 

p 

mm Hg 

39 85 

39 9 

40 7 

40 55 

54 5 

54 5 

54 65 
54 75 

46 75 
49 4 

49 35 
48 9 

47 5 

44 5 

44 3 

42 5 

44 0 

44 0 

46 55 

47 35 
47 55 
46 75 
42 7 

Alveolar 

mm Hg 

33 8 

34 6 

35 7 

34 9 

47 3 

48 45 
47 55 

49 65 

40 25 

40 75 

41 55 
40 55 

40 35 

38 5 

37 2 

38 2 

37 75 
37 3 

41 55 
41 65 
41 3 

39 9 

37 5 
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Pulse 

(cr 
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62 
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62 0 

66 5 

56 

51 4 

52 

1 

K 
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173 

176 

166 

160 

162 5 


M 

M 

F 

F 

F 
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A M B 

J C E 

MEM 

M F H 

MAS 

Date 

1924 

7-2 

7-7 

6-11 

6-16 

7-19 
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high and a low resting blood flow are both nght The senes is large 
enough so that several indi\aduals of both types have been encountered, 
as well as vanations between the two extremes The majonty 
of the determinations have fallen within Y Henderson’s estimate (15) 
of a cardiac output of 1 5 to 2 0 cc per kdo per beaL Five subjects 
have had one or more detenmnations that were below these figures 
and four have had larger outputs 
In at least four mdividuals, the small cardiac output under con- 
ditions of rest would appear to render impossible Y Henderson’s 
conclusion (15) that the stroke \ olume of the heart is a nearly constant 
quantity for each mdiwdual, it bemg too small to permit suffiaent 
ventilation of the tissues dunng strenuous exerase In the others, 
a constant stroke volume would be possible 
No correlation between the volume of the blood flow and any 
other factor, such as type of build or athletic abihty is apparent 
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THE GASEOUS CONTENT OF THE BLOOD AND THE 
OUTPUT OF THE HEART IN NOEALAL 
RESTING ADULTS 

C SIDNEY BURWTELL A^'D G CYNBY ROBINSON 
{From Tht Medical Clinic, Johns Hopkins Hospital) 

(Received for publication, Jul> 26, 1924) 

I GASEOUS CONTENT OF THE BLOOD 

In a previous paper (Burwell and Robinson, 1924) we have described 
a respiratory procedure by which a gas mixture is obtamed m which 
both ox}^gen and carbon dioxide are in equihbnum with those gases 
m the blood entering the lungs (the mixed venous blood) The 
equihbration of this gas with blood of the subject allows, therefore, 
the deterrmnation of the oxygen and carbon dioxide content of the 
mixed venous blood We used the analytical method of Van Slyke 
and Stadie The data thus obtamed, together with those obtamed 
by measurmg the gas exchange m the lungs, and by countmg the pulse, 
allow the output of the heart per mmute and per beat, by a method 
to be descnbed m the second part of this paper 

Material In the present paper we wish to report the results of a 
study of eleven normal restmg subjects, all of whom are members of 
a hospital staff, rangmg m age from twenty-five to fort>^-five >ears 
All observ^ations were made m the mormng, after about half an houFs 
rest m a redming chau, and at least twelxe hours after takmg food 
As nearly identical conditions as possible were obtamed m aU 
determinations 

Gaseous tension of the mixed venous Hood In table 1 are brought 
together thci results of a number of observers In aU instances the 
prmaple of usmg the limgs as an aerotonometer, as suggested by 
Pfliiger has been employed Loew}’’ and v Schrotter (1905) measured 
the tension of oxygen and carbon dioxide m gas withdrawn from 
an occluded portion of a limg by means of a lung catheter All other 
obser\’’ers have used some modification of the rebreathmg method 
mtroduced by Plesch (1909) 
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The figures of Loewy and v Schrotter are the average of a number 
of determinations with fairly wide vanations, while the figures of 
others are either determinations on one subject or show the limits 
found in small senes Our own findings show a somewhat greater 


TABLE 1 

Oxygen and carbon dioxide tension of the mixed venotes blood 


Authors 

Oxygen tension 

COi tension 


fnm Hg 

mm Hg 

Loewy and v Schrbtter (1905) 

37 5 

42 5 

Fndencia (1918) 

35 1-44 5 

45 2-46 3 

Barcroft, RougMon and Shoji (1922) 

32 6 

49 5 

Douglas and Haldane (1922) 

46 1 

44 0 

Meakms and Davies (1922) 


44 4-49 1 

Redfield, Bock and Meakms (1922) 

31 0-36 0 

45 0-50 0 

Burwell and Robinson 

31 6-43 7 

41 0-47 0 


TABLE 2 


Oxygen a^id carbon dioxide content of the blood 


Sublect 

Artenal blood 

Mixed venous blood 

Oxygen ulflired 

Respiratory 

quotient 

pH of 
mixed 

0* 

COj 

Oi 

COj 


Of total 
oxygen 
capacity 

From 

blood 

gases 

Gas 

exchange 

\ cnoua 
blood 



vcl 

per cent 

vol 

per cent 

vol 

per cent 

vol 

per cent 

rot 

per cent 

per cent 




1 

A 

21 76 

46 01 

15 23 

50 70 

6 53 

31 

0 72 

0 76 

7 34 

2 

R 

22 23 

44 75 

16 26 

49 61 

5 97 

25 

0 81 

0 85 


3 

H 

22 60 

45 02 

17 01 

49 52 

5 59 

23 

0 80 

0 81 


4 

F 

21 80 




5 70 

24 


0 72 


5 

B 

23 04 

46 43 

18 15 

49 80 

4 89 

21 

0 69 

0 71 


6 

L 

21 80 

47 36 

16 55 

51 18 

5 25 

23 

0 73 

0 75 

7 34 

7 

G9 

17 36 

46 26 

13 08 

49 52 

, 4 28 

1 24 

0 76 

0 82 

7 34 

8 

M 

22 59 


17 14 


5 45 

23 


0 76 


9 

P 

21 11 

50 30 

15 95 

54 00 

1 5 16 

1 24 

0 72 

0 78 

7 35 

10 

K 

21 30 1 


17 21 


4 09 

18 


0 71 


11 

Bu 

21 00 ] 

1 47 29 

1 

17 86 

49 63 

3 14 

14 

0 75 


7 33 


variation than previously reported, but our figures are of the same 
order as those obtamed by others Our own figures, of course, are 
individual determinations 

The gaseous content of the blood The oxygen and carbon dioxide 
content of the blood was determmed by the method desenbed m the 
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previous paper Table 2 shows the results of these analyses m the 
eleven subjects The oxygen utilized m the passage of the blood 
through the body is shown m cubic centimeters utilized from each 
100 cc of blood and also as the percentage of the total ox>gencapaaty 
of the blood The respiratory quotient has been calculate from the 
blood gases by dividmg the amount of the CO 2 lost by 100 cc of blood 
by the amount of oxygen gained by 100 cc of blood m passmg through 
the lungs The figures so obtamed may be compared with the res- 
piratory quotient calculated from the gas exchange m the lungs, which 
was dete rmin ed by the Tissot method during each expenmenL The 
fairly close agreement that exists may be taken as evidence of the 
accuracy of the blood gas determinations A rational respiratory 
quotient is obtamed only when the four determinations for arterial 
and venous oxygen and carbon dioxide are substantially correcL 
The percentage saturation of the blood exposed to the 'Venous 
gas mixture” has m general fallen within the limits of previously 
published dissoaation curves Suflaaent vanation exists, however, to 
render the use of so-called standard dissociation curves unsatisfactory 
The pH figures calculated from the CO 2 tension and content agree 
with those of others for normal subjects, although they are shghtly 
lower than the average determinations of several recent observers 
This agreement mdicates that no outspoken error occurred m the 
COi analyses of the venous blood, and that as a rule no pronounced 
aad change occurred durmg the handling of the blood 

II THE OXJT-PUT OF THE TTEjVRT 

Durmg the past hundred years the problem of the actual volume 
of the blood expelled by the heart has been attacked frequently by 
both speculation and experiment The shrewd guess of Thomas 
Young (1808) put the output of the heart per beat at an oimce and 
a half Such estimations, which were based chiefly upon postmortem 
measurement of the capaaty of the ventndes, were followed by ex- 
perimental observation upon animals and apphcation of the data so 
obtamed to the calculation of the output of the heart m man These 
calculations have resulted m figures so confused and vanable that 
it IS quite clear that acceptable determinations must be made upon 
human subjects 
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Many workers have made observations upon human subjects and 
vanous types of data have been the bases of the calculation of the 
volume of the arculation per mmute and per beat m man (1) the 
volume flow m the arm, determmed by plethysomgraphic methods 
(Muller, 1909) , (2) the measurements of instantaneous x-ray photo- 
graphs of the heart m systole and diastole (Meek and Eyster, 1923), 
(3) the amount of some mert gas taken up by the blood m a given 
time, when the absorption coeffiaent of the gas for blood is known 
(Bornstem, 1910, Krogh and Lmdhard, (1912), (4) the apphcation of 
the principle of Fick (Fick, 1870, Loewy u v Schrotter, 1905, 
Plesch, 1909, Douglas and Haldane, 1922) Of these the last two 
types of data are at present the most acceptable 

It would serve no useful purpose to present agam the diverse figures 
for the circulatory minute volume that have been obtained by different 
workers usmg different methods Not only were the methods widely 
different but also the conditions of the experiments, the activity, 
position, and external temperature of the subjects were so vaned that 
the results are m no stnct sense comparable It is worthwhile, 
however, to pomt out certam general tendencies m these widely di- 
vergent figures The recorded minute volume vanes from 2,800 cc 
to 9,000 cc per minute for normal restmg adults There are roughly 
speakmg two groups, m the first are subjects with minute volumes 
of from 3,000 to 5,000 cc , havmg usually an output per beat of 45 
to 75 cc In the second group are those with minute volumes of 
6,500 to 8,500 cc , having an output per beat of 100 cc or more 
The existence of these two groups of figures has been partly responsible 
for the development of two contrasting behefs as to the method 
of response of the arculation to demand for maeased blood supply, 
a question that will be discussed in a subsequent paper deahng with 
the response of the circulation to exerase 

The measurements of the output of the heart which we wish to 
report have been obtamed by the apphcation of a method based upon 
Pick’s principle, a prmaple best descnbed m the words of its ongmator 

Man bestimme, wie viel Sauerstoff ein Thier wdhrend emer 
gewissen Zeit aus der Luft aufnimnit und wie viel Kohlensaure es abgibt Man 
nehme femer dem Thiere wahrend der Versuchzeit eme Probe artenellen und 
eme Probe venosen Blutes In Beiden ist der Sauerstoffgehalt und der Kohlen- 
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sSuregehalt zu ermitteln Die Differenz des Sauerstoffgehaltes ergibt, viel 
Sauerstoff jedes Cubiccentimeter Blut beim Durchgang durcb die Ltmgen axif- 
nimint, und da man weiss, wie viel Sauerstoff im Ganzen wahrend einerbestiromten 
Zeit aufgenommen wurde, so bann man beredmen, vne viel Cubiccentimeter Blut 
wahrend dieser Zeit die Lungen passirten, oder wenn man durch die anzabl der 
HerzschlSge m dieser Zeit dividirt, wie Cubiccentimeter Blut nut jeder Systole 
des Herzen aufgeworfen wuxde Die entsprechende Jlechnung nut den Kohlen- 
sSueremengen glbt Bestimmimg desselben Werthes, welche die erstere controllirt 


As the gases of the blood are now commonly calculated as volumes 
of gas per 100 cc of blood, a formula convemently employed is as 
follows 

X 100 = if 

when 0 = cc of oxygen absorbed per minute 
U a volumes per cent of oxygen utilized 
M = mmute output of the heart m cubic centimeter 

In table 3 are shown the oxygen consumed and the carbon dioxide 
produced per mmute, as measured by the Tissot method, the heart 
rate per mmute, the oxygen utilization and the carbon dioxide ac- 
cumulation m the blood, and the blood flow as calculated from these 
data For reasons pomted out m our previous paper, the circulation 
mmute volume calculated from the oxygen figures is considered more 
rehable than that calculated from the carbon dioxide figures There- 
fore, m three experiments m which there was discrepancy between the 
two and m which there was reason to beheve that the fault lay with 
the carbon dioxide results, only the oxygen figures are mduded 
It IS seen that most of the subjects, under the conditions of the 
experiment, gave figures for the output of the heart per mmute and 
per beat which agree well with each other It may be said that the 
usual mmute out-put of the normal restmg adult is 3,500 to 4,500 cc,, 
and the usual out-put per beat is 60 to 70 cc But there are exceptions 
and one very satisfactory experiment (Subject Bu) is a marked 
exception This mdividual had a min ute volume of 6,780 cc, and 
an output per beat of 103 cc , m spite of the fact that his basal meta- 
bohc rate was low rather than high It is dearly' necessary, therefore, 
to bnng evidence as to the constancy or \^nabihty of the \ olume flow 
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in a given individual under similar conditions but at different times 
Table 4 shows the results of successive studies on two individuals, 


TABLE 3 

Blood flow 171 ixoTinal resting adults 


Subject 

Oxygen 

consximed 

per 

minute 

Oxygen 

utiliration 

Minute 

6utput 

Heart 
rate per : 
minute 

Output 
per beat 

1 

Carbon 

dioxide 

produced 

ml?utc 

Carbon 

dioxide 

accumu 

lation 

Minute 

output 

Output 
per beat 


! 

cc 

vol 

per cent 

Co 


cc. 

cc 

vat 

ifer cent 

cc 

cc 

A 

231 

6 53 

3,520 

54 

65 

175 

4 69 

3,730 

69 

R 

236 

5 97 

3,950 

68 

58 

200 

4 86 

4,120 

61 

H 

230 

5 59 

4,120 

64 

64 

187 

4 50 

4,160 

65 

F 

243 

5 70 

4,270 

64 

67 

176 



B 

212 

4 S9 

4,340 

64 

68 

150 

3 37 

4,450 

70 

L 

235 

5 25 

4,480 

64 

70 

176 

3 82 

4,610 

72 

G$ 

192 

4 28 

4,490 

65 

69 

156 

3 26 

4,790 

74 

M 

249 

5 45 

4,570 

66 

69 

189 




P 

240 

5 16 

4,650 

56 

83 

187 

3 70 

5,050 

90 

K 

245 

4 09 

6,000 

68 

88 

175 




Bu 

213 

3 14 

6,780 

66 

103 

159 

2 34 


103 


TABLE 4 


StxcccssM deter 7mnai%07is of two t7idividuah, all under standard rest ng conditions 


Date 

Mmute output 

Output per beat 

Subject R 


cc 

cc. 

March 31, 1923 

3,700 

59 

April 17, 1923 

3,940 

60 

April 19, 1923 

3,950 

58 

June 2, 1923 

3,960 

55 

March 13, 1924 

3,760 

57 

Subject B 

January 4, 1924 

6,780 

103 

January 7, 1924 

6,260 

100 

March 7, 1924 

4,540 

73 

March 10, 1924 

5,340 

83 


one of whom had the largest blood flow in table 3 This individual 
showed wide variation, his minute volume being 6,780 on one occasion 
and 4,540 on another, with a change in the ouput per beat from 103 
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to 73 cc This vanation was not assoaated with a change in pulse 
rate, metabohc rate, activity, or external temperature The other 
subject showed a remarkable constancy of minute volume and output 
per beat over a penod of a year 
Quantitative studies of such a matter as the output of the heart, 
which IS controlled by factors not well understood, are better studied 
as mdividual results than as averages IMany determinations of the 
venous oxygen tension of Subject Bu mdicate that his usual restmg 
blood flow IS 6,000 to 7,000 cc although occasionally it may fall 


TABLE S 

Blood fcrx compared xilh other measuremenls 


Sabiect 

Minute output 

D 

E 

s 

c 

3 

K 

E 

1 

t 

ft 

I 

1 

s 

1 

i 

0 

1 

3 

Output per bent 

Totil 

Vet squuc 
tacter 
body sur 
face 

Per 

tflogram 

bc^ 

weight 

Per 

100 cc. 
oUKcn 
absorbed 

Total 

Per 

square 

meter 

body 

surface 

Per 

kibEruin 

bo6v 

wei^t 


cc 

ce. 

cc. 

cc. 



cc. 

cc. 

cc. 

A. 

3,520 

1,970 

53 

1,525 

0 90 

65 

36 

1 1 

R 

3,950 

2,000 

45 

1,670 

0 99 

58 

29 

0 7 

H. 

4,120 

2,190 

62 

1,780 

0 98 

64 

36 

1 0 

F 

4,270 

2,400 

64 

1,750 

0 82 

67 

38 

1 0 

B 

4,340 

2,320 

64 

2,050 

0 66 

68 

36 

1 0 

L 

4,480 

2,500 

72 

1,900 

0 67 

70 

39 

1 1 

G9 

4,490 

2,750 

90 ! 

2,340 

0 60 

69 

42 

1 1 4 

M 

4,570 

2,430 

67 ! 

1,830 

0 90 

69 

37 

1 1 0 

V 

4,650 

2,470 

63 

1,940 

0 68 

83 

44 

1 1 

K 


3,470 

100 

2,450 

0 55 

88 

51 

1 5 

Bu 

6,780 

3,720 

103 

3,180 , 

0 53 

103 1 

57 

1 6 


much below this The existence of such wide difference m different 
healthy people is corroborated by a scrutiny of earber work. The 
careful studies of Douglas and BWdane (1922), for example, demon- 
strated an output per beat of 128 cc m one subject and of 66 cc m 
another, under similar conditions, and these differences were quite 
constant m many determinations 
In an effort to study the factors controlbng the cardiac output, 
the mmute volume and the output per beat of these normal subjects 
have been compared with some other measurements 
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in a given individual under similar conditions but at different tunes 
Table 4 shows the results of successive studies on two individuals, 

TABLE 3 


Blood flow in normal resting adults 


Subject 

Oxygen 

consumed 

per 

minute 

! Oxygen 
utilisation 

Minute 
’ 6utput 

Heart 
rate per 
imnute 

Output ' 
per beat 

Carbon 

dioxide 

produced 

per 

minute 

Carbon 
dioxide 
accumu- | 
latlon ^ 

Minute 

output 

Output 
per beat 


cc. 

vol 

\ per cent 

1 

1 ^ 


cc 

cc 

vol 

per cent 

cc 

cc 

A 

231 

6 

53 

3,520 

54 

65 

175 

4 69 

3,730 

69 

R 

236 

5 

97 

3,950 

68 

58 

200 1 

4 86 

4,120 

61 

H 

230 

5 

59 

4,120 

64 

64 

187 

4 50 

4,160 

65 

F 

243 

5 

70 

4,270 

64 

67 

176 



B 

212 

4 

89 

4,340 

64 

68 

150 

3 37 

4,450 

70 

L 

235 

5 

25 

4,480 

64 

70 

176 

3 82 

4,610 

72 

G9 

192 

4 

28 

4,490 

65 

69 

156 

3 26 

4,790 

74 

M 

249 

5 

45 

4,570 

66 

69 

189 




P 

240 

5 

16 

4,650 

56 

83 

187 

3 70 

5,050 

90 

K 

245 

4 

09 

6,000 

68 

88 

175 


1 


Bu 

213 

3 

14 1 

6,780 

66 

103 

159 

2 34 

6,800 

103 


TABLE 4 


Successive detcrmifiations of two individuals, all under standard rest ng conditions 


Bate 

Minute output 

Output per beat 

Subject R 


cc 

cc 

March 31, 1923 

3,700 

59 

April 17, 1923 

3,940 

60 

April 19, 1923 

3,950 

58 

June 2, 1923 

3,960 

55 

March 13, 1924 

3,760 

57 


Subject B 


1 

January 4, 1924 

6,780 

103 

January 7, 1924 

6,260 

100 

March 7, 1924 

4,540 

73 

March 10, 1924 

1 5,340 

83 


one of whom had the largest blood flow in table 3 This individual 
showed wide vanation, his rmnute volume being 6,780 on one occasion 
and 4,540 on another, with a change in the ouput per beat from 103 
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to 73 cc This vanation was not assoaated with a change in pulse 
rate, metabohc rate, activity, or external temperature The other 
subject showed a remarkable constancy of rmnute volume and output 
per beat over a penod of a year 
Quantitative studies of such a matter as the output of the heart, 
which IS controlled by factors not well understood, are better studied 
as mdividual results than as averages Many determinations of the 
venous oxygen tension of Subject Bu mdicate that his usual restmg 
blood flow IS 6,000 to 7,000 cc although occasionally it may fall 


TABLE S 

Blood ficno compared v^ith other measuremenls 


Subfect 

MinaU oatpat 

Rcsplmtory minute volume 

Circulatory minute volume 

Output par beat 

Total 

Per KTuare 
meter 
body sur 
face 

Per 

IdJogram 

bodv 

vraght 

Per 

100 cc. 
oxwen 
absoinbed 

Total 

Per 

square 

meter 

body 

surfiA 

Per 

labgram 

b^ 

wefgbt 


cc. 

cc 

cc. 

cc. 



cc. 

cc. 

cc 

A. 

3,520 

1,970 

53 

1,525 

0 90 

65 

36 

1 1 

R 

3,950 

2,000 

45 

1,670 

0 99 

58 

29 

0 7 

H 

4,120 

2,190 

62 

1,780 

0 98 

64 

36 

1 0 

F 

4,270 

2,400 

64 

1,750 

0 82 

67 

38 

1 0 

B 

4,340 

2,320 

64 

2,050 

0 66 

68 

36 

1 0 

L 

4,480 

2,500 

72 

1,900 i 

0 67 

70 

39 

1 1 

G9 

4,490 

2,750 

90 

2,340 

0 60 

69 

42 

1 4 

M 

4,570 

2,430 

67 

1,830 

0 90 

69 

37 

1 0 

F 

4,650 

2,470 

63 

1,940 

0 68 

83 

44 

1 1 

KL 

6,000 

3,470 

100 

2,450 

0 55 

88 

51 

1 5 

Bu 

6,780 

3,720 

103 

3, 180 

0 53 

103 

57 

1 6 


much below this The existence of such wide difference in different 
healthy people is corroborated by a scrutiny of earher work. The 
careful studies of Douglas and Haldane (1922), for example, demon- 
strated an output per beat of 128 cc m one subject and of 66 cc m 
another, under similar conditions, and these differences were quite 
constant m many detenmnations 
In an effort to study the factors controUmg the cardiac output, 
the mmute volume and the output per beat of these normal subjects 
have been compared with some other measurements 
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In table 5 it is seen that neither the minute output nor output 
per beat has any exact or noteworthy relation to body weight, to 
body surface area, or to the volume of oxygen absorbed The net 
respiratory minute volume^ has not vaned directly or inveresly with 
the circulatory imnute volume There is of course no doubt that the 
volume of blood flow is a function of metabolic rate, but it is equally 
clear that there are other factors of potent if subsidiary influence 
A study of a senes of normal adults such as this, shows that even 
with favorable and, in a sense, trained subjects — so that basal con- 
ditions were well mamtamed — and with earnest efforts to secure 
identical surroundmgs m successive experiments, the imnute volume 
may vary widely m different subjects Even on the same subject at 
different times the output of the heart per min ute may vary as much 
as 30 per cent 

COMMENT 

Our figures for the rmnute output of the heart and the output per 
beat are smaller than many appeanng in the hterature This may 
be due m part to our insistence upon rest and fastmg Even so 
our figures lend support to the view that the output of the heart per 
beat IS not fixed but vanable, since an output of 60 to 70 cc per beat 
is not enough to transport the large volume of oxygen reqiured dunng 
strenuous exertion, even at very rapid heart rates Observations 
beanng on this problem are reserved for a subsequent paper 

The significance of the vanations in volume flow m Subject Bu 
IS not clear As the broad physiological viewpomt of Haldane 
(1922) has emphasized, one object of changes m the volume of blood 
flow is to mamtam the optimum condition of gas pressure m all parts 
of the body Changes m blood flow without change m total metabohsm 
suggests the influence of some other factor, or the redistnbution of 
the blood in various parts of the body 

SUMMARY 

In a senes of normal adults at complete rest the volume of blood 
expelled by the heart has vaned from 3,500 cc per imnute and 58 
cc per beat to 6,800 cc per mmute and 103 cc per beat 

^ The net respiratory mmute volume has been calculated from the total amount 
of air expired per minute with an allowance of 130 cc per respiration for the dead 


snace 
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In one mdi\ndual, tested repeatedly over a penod of one year, 
the arcnlatory minute volume vaned only from 3,700 to 3,960 cc 
In a second mdividual, dunng a penod of two months the arculatorj’' 
minute volume vaned from 6,780 to 4,540 cc. 

The significance of these findmgs is discussed The oxj^gen and 
carbondioxide content of the artenal and of the ^^mixed venous” 
blood have been determined m the senes of eleven adults, and the 
results are given 
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In table 5 it is seen that neither the minute output nor output 
per beat has any exact or noteworthy relation to body weight, to 
body surface area, or to the volume of oxygen absorbed The net 
respiratory mmute volume^ has not vaned directly or mveresly with 
the circulatory mmute volume There is of course no doubt that the 
volume of blood flow is a function of metabolic rate, but it is equally 
clear that there are other factors of potent if subsidiary influence 
A study of a senes of normal adults such as this, shows that even 
with favorable and, in a sense, trained subjects — so that basal con- 
ditions were well mamtamed — and with earnest efforts to secure 
identical surroundmgs m successive experiments, the mmute volume 
may vary widely m different subjects Even on the same subject at 
different times the output of the heart per mmute may vary as much 
as 30 per cent 

COMMENT 

Our figures for the mmute output of the heart and the output per 
beaf are smaller than many appearmg in the hterature This may 
be due m part to our insistence upon rest and fasting Even so 
our figures lend support to the view that the output of the heart per 
beat IS not fixed but vanable, since an output of 60 to 70 cc per beat 
is not enough to transport the large volume of oxygen reqmred dunng 
strenuous exertion, even at very rapid heart rates Observations 
bearmg on this problem are reserved for a subsequent paper 

The significance of the vanations m volume flow m Subject Bu 
is not clear As the broad physiological viewpoint of Haldane 
(1922) has emphasized, one object of changes m the volume of blood 
flow IS to mamtam the optimum condition of gas pressure m all parts 
of the body Changes m blood flow without change m total metabohsm 
suggests the influence of some other factor, or the redistnbution of 
the blood in vanous parts of the body 

SUMMARY 

In a senes of normal adults at complete rest the volume of blood 
expelled by the heart has vaned from 3,500 cc per rmnute and 58 
cc per beat to 6,800 cc per mmute and 103 cc per beat 

^ The net respiratory mmute volume has been calculated from the total amount 
of air expired per mmute with an allowance of 130 cc per respiration for the dead 
space 
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In one individual, tested repeatedly over a penod of one year, 
the circulator}^ minute volume vaned only from 3,700 to 3,960 cc 
In a second individual, during a penod of two months the circulator}^ 
min ute volume vaned from 6,780 to 4,540 cc 
The significance of these findmgs is discussed The oxygen and 
carbondioxide content of the artenal and of the ^^mixed venous” 
blood have been detenmned m the senes of eleven adults, and the 
results are given 
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ETOENCE THAT DIGITALIS INFLUENCES CONTRACTION 
OF THE HEART IN MAN 

By ALFRED E COHN akd HAROLD J STEWART 
{prom the Hospital of the Rockrfeller Institute for Medical Research j New York, NY) 

(Received for pubbcation, July 9, 1924) 

HISTORICAL^ 

Since 1785, when digitalis was first used sj^stematically in the treatment of 
human disease, the entena which have been emplo\ed m the attempt to define 
precisely when the drug is mdicated, have undergone changes dependmg on those 
aspects of the study of the heart which were current at the time These 140 j ears 
fall almost naturally mto distinct penods At first a behef initiated by Withenng 
(1785) m the efficacj of digitalis as a diuretic was general and almost imquestioned 
ECs chief indication for the exhibition of the drug is clear from this descnption 
‘‘Further expenence convmced me, that the diuretic effects of this medicme do not 
at all depend upon its exating a nausea or \omiting, but, on the contrary, that 
though the mcreased secretion of urme will frequentl> succeed to, or exist along 
with these orcumstances, yet the> are so far from bemg fnendly or necessary , that 
I have often known the discharge of unne checked, when the doses have been 
imprudently urged so as to occasion sickness ” 

But WTithenng himself could make no distinction between edema due to failure 
of the heart and edema due to failure of the kidneys though he was well aware 
that it exercised “a power over the motion of the heart,” that was naturall> 
impossible before the daj’S of Hope and of Bnghti The ground for the belief m 
the effiaacy of the drug as a diuretic rested, however, securely on prolonged 
and detailed observation Opmion m later > ears departed from this earl> belief on 
groimds which, as can be seen now, were scarcel> suffiaent substitutes for direct 
expenence Withenng’s observations were confirmed, and subseq[uentl> ex- 
panded bv such observers as Fernar (1799), Kmglake (1801), andBeddoes (1801) 
who noted that digitalis slows the pulse and strengthens it 

In addition to its action m causing diuresis, another important effect of the drug 
was noticed This was described b> Kreysig (1814) who concluded that digitalis 
must contribute something to the energy of the heart, on account of the improve- 
ment which could be seen foUowmg its use Throughout the centur> this “some- 

^ Use has been made m the survev of excellent papers b> A W Me>cr (1912), 
A R Cushny (1911), and G C Robinson (1922) 
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thing” was frequently called “energy” by which was probably meant what would 
now be called an increase in contractile power Not infrequently reference was 
made to the effect which digitalis exerted on edema This effect was considered 
as the result of its action sometimes on the vessels, sometimes on the heart as part 
of a general ill defined influence (Emhom) 

Meanwhile, for reasons which we have not traced, digitalis fell mto discredit and 
disappeared from use Corvisart (1806-1818) for mstance, does not even mention 
the drug m any of the editions of his book Perhaps the mdiscnmmate mdica- 
tions given for its employment as for example m tuberculosis, scarlet fever, 
measles and hemorrhage, ahenated the respect of physicians Hope (1839), 
BouiUaud (1835), and Stokes (1853), even used it as a sedative At all events the 
neglect contmued and reasons justifying it were supphed later by Traube (1871) 
and by Comgan (1832) on the basis of the discovenes of Laennec (1821) and 
Hope , 

These discovenes provided the background for those discussions with which 
clmicians were occupied for the major part of the 19th century Laennec’s 
contnbution consisted, as is universally known, m makmg it possible, dunng life, 
to detect sounds ansmg dunng the heart’s action, Hope m 1831 demonstrated by 
experiments that these sounds are caused by the motion of the valves, and so 
made it possible to ascertam whether their behavior was normal He also showed 
that mcompetence of the aortic valves resulted m regurgitant murmurs Per- 
haps as a consequence of these observations, Comgan (1832) was able to descnbe 
the disease known as aortic insuffiaency In his ongmal paper, he discussed the 
action of digit ahs m this affection This he thought was twofold, first that it was 
a cardiac sedative, an idea which he denved from Bertm and BouiUaud (1824) 
and perhaps even from Withermg (1785), and second, that it slowed the pulse 
He expressed his views as foUows “Having laid down the plan of treatment proper 
to be adopted as far as it produces effects upon the system, and through it upon the 
heart constitutmg a part of the system, it now remains to exanune the propnety 
of employing m this disease a remedy such as dtgitahsj which produces a specific 
effect upon the heart rendenng its action slow and weak, and which m consequence 
of that effect is usually recommended m cases of heart disease m conjunction with 
the measures already deprecated In madequacy of the aortic valves the pulse 
generally ranges from 90 to 110 After each contraction of the ventncle dunng 
the pause or mterval of rest occumng between that contraction and the next 
foUowmg, a quantity of blood is regurgitatmg mto the ventncle The danger of 
the disease is m proportion to the quantity of blood that regurgitates, and the 
quantity that regurgitates wiU be large m proportion to the degree of madequacy 
of the valves, and to the length of pause between the contractions of the ventncle 
dunng which the blood be p>ounng back If the action of the heart be rendered 

very slow, the pause after each contraction will be long, and consequently the 
regurgitation of blood must be considerable Frequent action of the heart, on 
the contrary, makes the pause after each contraction short, and m proportion as 



99 


ALFRED E COHN AND HAROLD J STEWART 

the pauses are shortened, the regurgitation must be lessened Instead, then, of 
regarding an mcrease of frequenc> m the action of the heart as an aggravation of 
the disease, it must be vie^ved, as e hav e already vnewed hypertrophy of the heart, 
as a provTsion for remedvmg as far as possible the evdl consequences arising from 
inadequate valv es To retard m such arcumstances the action of the heart would 
be to do an injury^ In every case of this disease m which digitalis has been 
administered, it has mv anably aggravated the patient's suffenngs " 

This statement by Corngan set the fashion for subsequent speculation From 
then until now there has been contmuous discussion as to the mdication for giving 
digitalis when the heart valv es are diseased It is mterestmg to notice that m thig 
first paper on aortic insuffiaencv , the harm which digitalis can do m the condition, 
v*as recognized and vigorous objection to its use was taken 

The general discredit mto which digitalis fell continued until about 1840 Then 
it began agam to be used m the treatment of heart disease m Germany by Schoen- 
lem (1842) and Traube, and m France by Aran (1842) In England, distrust of the 
drug continued Stokes (1853), Latham (1847), Walshe (1854) and FothergiU 
(1871) followed Corngan 's view Diagnosis based on deductions drawn from 
auscultation accordingly dommated the discussion The factors which were 
considered to be determining were its effect on the rate of the pulse and its effect 
on the “energy’^' of the heart There was general behef in its relative advantage 
in stenoses, its disadvantages m insuffiaenaes, its beneficial emplovanent m imtral 
regurgitation, its harmfulness m aortic insuffiaency So far as the effect on the 
pulse rate is concerned, it was clear that no harm could be done when the nutral 
valves were mvolved, mjury resulted onl\ when insuffiaency of the aortic valves 
existed This discussion is, qmte properly , not v et ended A'alv’ular disease was 
m 1912 still made the basis, at least m part, for deading on the administration 
of digitalis m Krehl’s cbmc (A \V Meyer, 1912) 

It must have been Traube (1861) who furthered the view, as a result of his 
studies on the stimulating action of digitalis on the vagus nerves, that digitalis, 
because it slowed the heart, was sedativ e and accomplished its effects by quietmg 
the heart - Wliether giving digitalis mcreased or diminished the “energv" of 
the heart, became then a second matter for discussion Fothergifl (1871), Noth- 
nagel (1878), Leyden (1881), Fr£nkel (1882) and Balfour (1898) m part, advo- 
cated its use, on the ground that it had this action irresxiectiv e of the presence of 
any valvular lesion whatsoever 

It is profitless to attempt to trace, through the wntmgs of the dis- 
tmguishcd chmaans of the century , the precise position which each m turn held 
m respect to these problems The entena that were available were based on 
auscultation, on pulse rate, and on diuresis The effect of digitalis on rhythm, 
blood pressure and the size of the heart could naturally not be estimated The 
chief factor m makmg a decision was preemmentlv the state of the v al\ular lesion, 

- This mference was m all probabihty drawn from the stud\ of cases which were 
the subject of auncular fibrillation 
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and to a less extent, because it could be so inadequately esUmated, the condition 
- of the muscle, other factors were the pulse rate, diuresis, and, when present, such 
symptoms as palpitation and irregularity,® and finally, eventualities such as are 
contmgent on the state of the cerebral vessels and their ability to bear increased 
pressure That the blood pressure was raised by digitahs physicians beheved, 
because this effect was observed m ex*penments on animals 
An important new development occurred when Boehm (1872) emphasized the 
specific effect of digitalis on heart muscle m frogs Traube, m all probability, 
as*Cushny pomts out, missed this action because he utilized only mammals m 
his experiments In frogs, however, both Boehm and Schmiedeberg easily recog- 
nized this action The actual effects on contraction were discovered m later 
experiments especially those of Roy and Adami (1892), and of Cushny (1897) 
The influence of this teachmg became apparent almost at once m works on 
chnical medicme * It is apparent m the writmgs of B BramweU (1884) and of G 
A Gibson (1898), who apphed the results of experiments directly to phenomena 
observed m man, without attemptmg to notice whether the experimental data 
paralleled the events m human physiology (p 280) A more cntical, almost con- 
temporary attitude, was taken by Balfour (1898) (p 104 ff ) At the turn of the 
19th century, the way was thusipaved by Krehl (1901) and Romberg (1906), for a 
study of the sigmficance of the behavior of muscle m heart disease, and likewise 
of the effect of digitalis upon the heart muscle under chnical conditions 

That the data obtamed by pharmacologists were not apphcable directly to 
human conditions was clear from the fact that the blood pressure does not rise m 
human bemgs when they are under the influence of digitalis Both Gottheb and 
Sahh admitted this fact at the German Medical Soaety m 1901 But although, 
at that time, the blood pressure in patients could be satisfactorily measured, no 
method was available for studying the effect of digitalis on the heart muscle itself 
It was assumed then, and also later, on the basis of such experiments as those of 
Jonescu and Loewi (1908), of Kasztan (1910) Fahrenkamp (1911), Gottlieb and 
Magnus (1902), and Joseph (1918) that, although no influence on the general 
blood pressure resulted from peripheral effects, such as the dilator action of the 
drug on the kidneys, and its constrictor action on the mtestme, the efiicacy of the 
drug was to be explamed, nevertheless, through some such remote actions rather 
than from an mfluence on heart muscle On peripheral vessels m man, Vagt 
(1909) and EychmuUer (1909) found no effect And so the matter stands 
Meanwhile, stimulated by the researches of Gaskell and Engelman on the differ- 
entiation of the properties of heart muscle, a great step forward was mitiated 
m 1902 by the work of Mackenzie and Wenckebach The strikmg effect which 
digitalis was found to have m reducmg the rate of the completely irregular pulse 
of auncular fibrillation, together with studies of the effect of the drug on other 

® The precise mechanism was of course not diagnosticated 

- W Balfour, Chmcal Lectures on Diseases of the Heart and Aorta, 1st 



ALFRED E COHX AND ILVROLD J STEWART 


101 


forms of iiTcguhr hcirt action, deflected attention awa\ from mvestigations 
which seemed in 1901 about to be earned forward So great was the mterest m 
the^eflect of digitalis on the cardne irregulanties, that the\iew arose that it was 
prctmincnUx the irregular heart on which digitalis acted (Mackenzie, 1911) 
That It was c5pccnli\ indicated under the=>c arcumstances seems to have been 
dear to jQrgcnsen (1S99) This belief was cniorced b\ the observ ation that when 
the mechanism of the heart v. as normal no mfluence on the rate was to be observ ed 
(Cohn 1915 a), except in heart failure when edema was present, or in what has 
come to be knowm as the h\pod\Tiamic heart (Cohn, 1915 a) 

Attention was again directed to the action of digitalis on human heart musde 
when caadence was obtained in electrocardiograms that changes in the curves 
followed on taking the drug (Cohn, 1915b) These changes, which consisted m alter- 
ations m the form of the T-wa\e, could so far as knowledge of the genesis of 
action currents is concerned, ha\ e arisen onl\ through action on the musde This 
was the evidence in 1913 from which an effect on the human heart musde could 
most dircctl\ be inferred So strong is the behef m the inefficaca of digitalis, 
except in irregular heart action, that it has seemed wise actuall> to call atten- 
tion to the fact that giving the drug aids m eliminating edema when the rhythm 
is regular 

The state of knowledge then, so far as human physiology is con- 
cerned, may be described m this fashion Digitahs is known to act 
in man on the centers of the vagus nerves It is known likewise that 
digitahs does not raise the general hlood pressure It is assumed on 
the basis of Cushn)’^s (1897) observation on mammals that an efect 
on coniraciwn of the heart muscle takes place m man, as it was 
observ^ed m his experiments on mammals which were performed 
With moderate though not exactly known doses of the drug This 
assumption is also held on the basis of such experiments on mammals 
as those of de Heer (1912), with doses far greater than those used in 
patients, and as the result of the analysis by Lewis, Drury and 
Diescu (1922), of the effect of strophanthm on the mechanism of the 
contractile act, m the course of which they’’ found that a ^Sndemngm 
the refractory penod^’ took place It is assumed that eden^Sjiid is 
eliminated on the basis of such experiments as thos^l^t5s^h (1913), 
m which the dose given was comparable presup^^y ^th that em- 
ployed m the clmic 

But so far no studies have been madrd^ctly on the effect of digi- 
tahs on the contraction of the heart muscle m man Such mvesti- 
gations are here reported 
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METHOD 

In attempting this investigation two methods were open to us The 
jfirst consisted in making x-ray photographs in rapid succession of the 
whole heart, and recordmg the changes in size as the heart moves from 
the diastohc to the systolic position (Groedel (1909) and Dessauer 
(1912)) This method was developed first Eyster and Meek (1920) 
extended its use They obtained radiographs of the human heart 
at known instants in the cardiac cyde, by recordmg on electrocardio- 
grams the tune at which the ladiographs were taken From data so 
obtamed, they calculated by the use of Bardeen’s (1918) formula the 
volume of the heart in systole and diastole, and from the differences 
between these two measurements obtamed the volume output of 
the heart per beat 

The second method mtroduced by Gott and Rosenthal (1912)® 
consisted m photographmg, with Roentgen rays, the excursion of 
pomts of the two borders of the heart By this procedure continuous 
curves were obtamed Becker (1914) and Crane (1916) each made 
use of an apparatus similar in pnnaple and recommended its use 
particularly in the study of irregulanties 

The apparatus we employed resembles that of Gott and Rosen- 
thal (figs 1 and 2) We selected this method, first because of its 
greater simphcity and the greater ease with which the reqmsite ap- 
paratus could be constructed, secondly, because of the ease of obtam- 
in the records, thirdly, because the records are in the form of curves 
which can easily be obtamed m long strips throughout a whole re- 
spiratory cycle, and fourthly, because the curves obtamed represent 
tlie shortemng oi contraction undergone dunng systole by that por- 
tion of the left ventncular margm that is photographed, this being 
exactly the effect of digitahs that concerns us The fact that it was 
not|L)OSSible to calculate the volume output of the heart from the 
measuremenits^we obtamed of the curves, did not seem to us to be a 
disadvantage, for tiite figure obtamed for the volume output calculated 
from Bardeen’s formufas^ffrom data based on radiographs are said to 

® These authors call attention to’tti?^descnption in Polish by Sabat of an appara- 
tus like theirs Their own was hoiA^er developed independendv and without 
knowledge of that of Sabat 
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be accurate onlj within 10 per cent Since this is about the increase 
in output we antiapated as the result of administering digitahs, the 
ad^ antage of the method is naturally lost 



Fig 1 PnoTOGRAPn of the Vppap^tts Lsed I^ Making Moting X-Rat 
Photographs of tttt: Heart 

Scc^'tc^t for description of parts and tigure 2 for a diagrammatic sketch of 
the apparatus 
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Li practice*' the patient faces a lead screen in which a transverse 
slit 0 5 or 1 cm wide is cut The level of the slit is adjustable It 
is usually placed opposite that portion of the border of the left ven- 
tncle which exhibits the greatest excursion The x-ray tube is 
placed behind the patient 36 inches from the lead screen On the 
other side of the lead screen a cassette, which cames an x-ray film, 
is raised by a motor past the slit Between the patient and the lead 


riiAgram X-RaU AppA*Tttns 



7. • X RajL| pCftCo <y 

Fig 2 Schematic Drawing of the X-Ra\ Apparatus Illustrating thf 
Method of Exposing the X-R\y Films 

screen another cassette is placed, which also holds an x-ray film 
This IS the control film and is stationary On this it is possible, by 
a deAUce next to be explained, to record the portion of the border 
of the heart of Avhich the cuix^e is made This portion is identified 
by the shadows cast by two lei'^ers, which swing at the level of the slit 
between the patient and the stationary film One lever records the 

® The authors arc deeph indebted to ^Iiss Christine Islacdonald of the \ ra\ 
Department of the Institute for her technical cooperation in this invcstig ition 
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tune m seconds, the other the respiration The tune recorder is the 
armature of a magnet in senes vnth a Petzold clock The respira- 
torj' mo^ ements are communicated to the lever of a piston-recorder by 
a Pohtzer bag bound against the chest by a musbn bmder (See figs 
1 and 2 ) 



Fig S Control Plate Showtng Le\xl of the Right \uRicrLAR, ant) 

OF the Left \ entriclt^r Margins of W high the 
Mo\ing X'Ran Films \\ere Obtained 

The control film was made first (fig 3) Then without changing 
the patient’s position the moMng film was exposed " The records 
are similar to a sme-cur\e, the trough representing s} stole and the 
crest diastole (fig 4) The distance between the two positions was 
used as a measure of the degree of \ entncular contraction or shorten- 
^ Eastman duplitiFcd films were used in n Reenforced French Cassette 
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mg No attempt, as has been said, was made to infer volume changes 
from this simple linear measurement The films were exposed dur- 
ing normal quiet breathing Only those films were measured m which 
it was clear, from the controls, that identical points of the heart’s 
margm had been photographed That the points were identical 
was shown by actual superposition of the control films, as well as 
by comparison of the measurements made of them The measure- 
ments were not corrected to obtain values comparable mth those 
taken at a distance of 2 meters, the conclusions which we draw are in- 
dependent of the magnification caused by the divergence of the x-rays 
We appreciate the fact that an error might result if the size, that is 
to say the transverse diameter, of the heart decreased after giving 
digitalis In this case, the greater the decrease, the less will be the 
magnification of the excursion If we correct our results in accordance 
with this error, we increase the magnitude of the change we found 
Measurements were taken of the control film, of the original curve 
(moving film), and of a tracing made of the moAung film All the 
waves in a respiratory cycle were measured and the average of these 
was used 


OBSERVATIONS 

In order to obtain satisfactory curves, we found it advantageous to 
limit the choice of patients to men, and especially men whose chests were 
reasonably thin We found it desirable, also, to select men who were 
free from edema This precaution we took because of the uncertainty 
which still prevails on the subject of the blood volume, even if this 
can be measured accurately, when fluid is shifted in the body from the 
tissues to the blood and from the blood to the urine It was somewhat 
difficult to obtain suitable patients For this reason a large series of 
cases IS not available on which to base the subsequent study The care 
with which the patients were selected, and the accuracy with which 
the observ^ations were made, justify us, we think, in presenting the 
results of our study We studied the curws of 5 patients To 4 

Fig 4 Moving X-Rav Fitjj 

The nnnncr m vhich records like this Mere obtained is described in the te\t 
(a) Mas taken 2-14-24, before, (b) Mas taken 2-18-24, after the administration 
of digitalis 1 2 gm , and (c) was taken 2-28-24, after the effect had worn off 
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digitalis was given, one served as a control The hearts of two pa- 
tients exhibited the normal rhythm, the hearts of the other two were 
the subjects of auricular fibrillation Curves were, of course, taken 
both before digitalis was given and again after an amount had been 
given sufficient to produce a therapeutic effect clinically, and to bnng 
about changes m the T-wave in the electrocardiogram In three 
patients the obser\^ations were repeated 



Fig 5 In this figure and in figures 6, 8 and 9, the curves illustrated arc tr ic ngs 
of the left ventricular excursion made from the original films as described in the 
text At the head' of each curve, in the oblong box are given measurements 
corresponding to the cun^es below 

Case 1 G S , Hosp No 4937, was a male, 24 years old He complained of 
^‘hcavy beating'^ of his heart for 5 years and of ^‘asthmatic’’ attacks for 4 years 
He had influenza 5 vears ago, followed by dyspnea on exertion and palpitation 
The action of the heart was said to be irregular so that he was given digitalis 
Four vears ago he had an attack of bronchitis which later changed character and 
became ‘^asthmatic ’’ 

On physical examination his heart was small and of the pendular form There 
ere no murmurs There v ere numerous auricular premature contractions The 
lungs appeared to be normal The blood pressure uas 100-122 systolic and 70-84 
diastolic There uas no edema The Wassermann reaction was negative 
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The urine was normal At first, unusual slowing followed the adrmnistration of 
digitalis (0 9 gm ), and the number of auricular premature contractions which had 
been present decreased He experienced no attacks of asthma while m the hospital 
and none since leaving, he was moved aw'av from his home where there w'ere cats 
and dogs It w'as these w'hich caused the attacks of asthma 

On February 7, 1924, the left ventricular excursion in this patient 
was 5 8 mm in the 5th interspace (table 1, figs 4 and 5) On February 
8, after gmng digitahs 0 9 gm , the excursion increased to 8 6 mm 
and on February 9, fell to 7 5 mm , the rate remaining unclianged 
- dunng these three obserx^ations On February 14, m a second series 
of observations before gmng digitalis the excursion measured 6 3 mm 
On February 16, after taking digitalis 0 9 gm , the excursion increased 
to 7 3 mm , but later, on February 18, after a total of 1 1 gm had been 
given, the excursion increased still farther to 9 2 mm At this time a 
marked change m the T-waves of the electrocardiogram was observed 
The administration of digitalis was discontinued on February 18, on 
February 23, the excursion decreased to 7 2 mm and on February 
28, to 6 9 mm No significant changes occurred either m heart rate 
or in blood pressure winch need be considered m accounting for the 
difference in the heights of the excursions obseiw^ed 

Case 2 A F , Hosp No 4814, w'as a male, 34 vears old He complained of 
nervousness, fatigue and palpitation for 6 months He had suffered from scarlet 
fever m childhood and influenza in 1918 He passed the armv tests, but was told 
that he had a “little” albumen in the urine 

On physical exammation the heart Avas found to be enlarged, a late svstolic 
murmur w'as heard at the apex The rhvthm wxas regular The blood pressure 
was 160-180 systolic and 90-100 diastolic There w'as no edema The phcnol- 
sulphonephthalem test ivas 45 and the \ an Slvke index 27 The urine contained 
a small amount of albumen, red blood cells and casts He could excrete wxater 
but was unable to concentrate the urine The diagnosis w as thought to be chronic 
glomerulonephritis 

Curx'^es taken on October 5 and 11, at the level of the 5th interspace 
show excursions of 4 2 mm and 3 7 mm respectively (table 2, fig 6), 
the difference (0 5 mm ) between them is within the experimental 
error On October 20, after digitalis 2 3 gm was given, the excur- 
sion increased to 6 6 mm , and the T-waves showed slight changes 
Digitalis Avas then discontinued Eighteen days later, November 7, the 
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excursion of the same portion of the left ventncular margm decreased 
to 2 9 mm In order to account for the change in the height of the 
excursion, aside from the effect produced by digitalis, two other 
factors must be considered as bemg possible contributors m bnn^g 
it about, first, the rate and second, the blood pressure That the 
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Fig 6 See Figuee 5 


decrease m rate was not a matenal factor is shown by the fact that 
on November 17, when the effect of digitahs had worn off the \entnc- 
ular excursion decreased to 2 9 thtp although the rate was approxi- 
mately the same (85 per minute) as when the excursion was 6 6 mm 
Nor, as the records show could changes in the blood pressure, either 
s>stohc or diastohc, be assoaated with the difference found (table 
2, fig 6) 
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Cost 3 T S , Hosp Xo 4390, was a male, 24 \ear5 old He complained of 
cough and shorlncsb of breath He had rheumatism at 9 \car5 Four acars 
later there was an attack of shortness of breath while working as a laborer He 
was rejected b\ the Xa\w in 1917 because ol heart trouble the first intunation the 
patient had of the presence of this disease In 1919 the first s\anptom, shortness 
of breath, occurred In 1921 he w as first admitted to hospital because of cough, 
edema and shortncbs of breath ‘since then there ha\ c been three breaks m com- 
pensation 

On ph\sical examination auncular fibnllation wa:> found to be present The 
heart w as enlarged There w ere the signs ot mitral stcnoai^j and insufnaencv , and 
m the electrocardiogram, of nght \ cntncular preponderance The blood pressure 
was 90-105 s\ stolic and 50-70 diastolic TTic unne w as normal 

On Xox ember 16, after ha\mg receixed digitalis, the xentncular 
excursion was 8 5 mm m the 6th interspace the rate being 100 per 
minute The effect of this amount of digitalis was allowed to wear 
off Then, on December 3, the x cntncular excursion decreased to 
4 6 mm, the rate being 115 per minute (table 3, figs 7 and 8) 
Between December 3, and December 17, digitalis 5 gms was gixen, 
the X entncular excursion agam increased to 8 5 mm , the rate bemg 
90 per minute Although he continued to receixe digitalis the x en- 
tncular excursion fell slightlx to 8 3 mm on December 31 Coina- 
dentl} there was a slight decrease m rate (80) 

On the same days that the photographs xxere made m the 6th in- 
terspace, a parallel set was taken m the 5th interspace The excur- 
sion at this point was 10 4 mm on Xox ember 16, then after the di- 
gitahs effect had worn off it decreased to 8 2 mm (December 3), but 
increased agam when the patient was for a second time placed under 
the influence of digitalis to 12 7 mm (December 17) and 12 0 mm 
(December 31) 

A companson of the scnes in the 6th and 5th interspaces shows that 
chffercnce m the heights of the excursion is found at different portions 
ol the margin, and that m both senes the effect of digitalis m increas- 
ing the X cntncular excursion is equalh exhibited Attention is 
called m this case of auncular hbnllation to the total irrcgulantx of 
the rhx thm, and to the xanation m the height of the excursions 








ALFRED E COHN AND HAROLD J SXEVTARX 


115 



Fig 8 See Figure 5 
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* Since December 3, 1923 


Case 4 H , Hosp No 4932, V7zs a male, 20 > ears old He complained of 
shortness of breath for 3 months His illness began suddenlj months before 
admission Tvith precordial pain and blood streaked sputum foUotvmg the severe 
exertion of lifting packing cases He continued at work though he had shght 
cough and saw blood streaked sputum Graduall\ d\'spnea mcreased imtil 3 
months ago (October 30) when he had a frank pulmonary hemorrhage which 
awakened him m the earh mormng BIood\ sputum contmued for sev’eral dav*s 
after this One month later (December 3) the patient agam expectorated bloody 
sputum He went to a hospital and was giv-en tincture of digitalis, but did not 
contmue its use mtelhgentl} afterward He did not recall havung had rheumatism 
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He suffered from diphthena at the age of 4, for which he was given antitoxin He 
had influenza at 14 J years 

On physical examination he was found to be suffering from auricular fibrillation 
The temperature was 101° and continued to be sbghtl> elevated for several weeks 
It fell while he was taking digitalis His heart was enlarged and a soft apical 
svstohc murmur was heard Occasionally a few r^les were found on the extreme 
bases of the lungs after deep breathing The blood pressure was 90-100 systolic 
and 60 diastohc There was no edema The urme was negative The Wasser- 
mann reaction was negative The urea mdex was 99 The kidney function was 
normal on the concentration and dilution tests and of the phenobulphonethalem 
test (73 8 per cent) Under the influence of digitalis he made satisfactory progress, 
there was decrease m the ventncular rate, decrease m pulse deficit and alleviation 
of the symptoms of palpitation and dyspnea 



Fig 9 See Figure 5 


On February 4, 1924, tbe excursion m tbe 5tb interspace was 5 2 
mm , the rate was 144 per mmute Two days later (Feburary 6), 
after givmg digitalis 1 4 gm , the excursion increased to 10 9 mm 
the rate bemg 108 per mmute (table 4, fig 9) On February 8, after 
a total of digitahs 2 0 gm had been administered the height of the 
excursion fell shghtly to 9 4 mm , the rate was 90 per mmute The 
patient was given no more digitahs for 3 weeks, in the meantime the 
effect of the drug wore off A second set of observations was then 
made On February 29 (I), the excursion had fallen to 4 5 mm , 
the rate bemg 111 per imnute On March 3 (II) after digitahs 1 1 
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gm was given, the excursion increased to 6 8 mm , the rate being 
95 per minute, and on March 7, after having taken digitahs 1 4 gm , 
it rose still farther to 11 7 mm , and the rate decreased sbghtly to 
92 per mmute 

In this patient, the effect of the ventncular rate on the extent of 
excursion was studied m greater detail On February 4, when the 
rate was 144 per roinute and on February 29, when it was 111, the 
patient was without digitalis, the ventncular excursions were 5 2 and 
4 5 Tmn respecti\ ely After gi\ang digitahs the height of the excur- 
sion rose to 10 9 Tn-m m the first senes and to 11 7 mm m the second 
The foUowmg test was then earned out on March 11 , the height of the 
excursion was 8 7 TTim and the rate, 92 per mmute, the patient still 
bemg under the influence of digitahs Immediately after this curve 
was taken the patient was given atropme 1 mgm mtra\enously, one 
half hour after the mjectaon a movmg fihn was agam taken and the 
ventncular excursion measured 8 8 mm , the ^ entncular rate ha\Tng 
now risen to 120 per mmute Although the heart rate mcreased 30 
per cent, the height of the ventncular excursion remamed imchanged 

The mcrease m rate did not influence the height of the excursion 
It IS of course not mtejided4:o infer that this statement apphes m gen- 
eral It apphes only when digitalis has been administered It is 
necessar}'’ that one of the two factors to be tested should remam 
constant- 

This patient alone m the senes showed a significant change m the 
size of the heart under the influence of digitalis The decrease took 
place on the left side of the heart (table 4) 

In order to show that the method is vahd, the following measure- 
ments of a control normal mdnndual (W’ LaR-) over one year are 
given (table 5) On hlarch 26, 1923, the left ventncular excursion 
measured 8 mm m the 4th mterspace, the cardiac rate bemg 60 per 
mmute Ten days later the ventncular excursion measured 7 2 mm ^ 
and one year later, 8 1 mm , the heart rate remammg unchanged 
These figures show a surpnsmg constancy, they demonstrate the fact 
that comparable cur\"es are obtamable not only over short, but also 
over long penods of time Anal>"sis of the control films showed that 
identical pomts on the left \ entncular border had been photographed 
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on the moving film and that the heart had not changed m size dur- 
ing the penod of the observation 

DISCUSSION 

What part slowing the heart rate mayplay m increasmg the ventnc- 
ular excursion after giving digitahs has already been indicated It 
has been shown that for the rates wi thin the range we met in our 
observations this factor is neghgible Beyond certam narrow limi ts 
however other influences obviously come mto play, and may naturally 
be expected to change the height of the excursion What effect 
change m the height of the blood pressure may have on the extent 
of the ventncular excursions remams to be discussed 

It was discovered m 1839 by Blake that giving digitahs to 
animals under experimental conditions causes an elevation of blood 
pressure This effect is now well known In more recent years 
Gottheb (1901, 1902) and his co-workers have assoaated this effect 
with constnction of the blood vessels, due to a direct action of digitahs 
on the vessel walls However this may be, the problem of its action 
m man is concerned not so much with local effects on the vessels 
in distant viscera, such as the kidneys and mtestines, which have 
been studied by Jonescu and Loewi (1908), Kasztan (1910), Hedinger, 
(1912) Naegele, (1911) Fahrenkamp (1911) and Joseph (1913), as 
with the effect on aortic pressure which results from this action 
For it is against aortic pressure that the heart must work Joseph 
(1913) states that m rabbits it requires only 28 mg per kilo to increase 
contraction 12 per cent, but 50 mg to bnng about even a shght nse 
m blood pressure Experiments deahng with this phase of the matter 
have recently been earned on by de Heer (1912;, Straub (1914), 
Patterson, Piper and Starhng (1914), and Wiggers and Katz (1922) 
Their experiments have shown that, although the systohe and diastohc 
cardiac volumes are both mcreased by raismg the resistence offered 
by the aorta, the exteJit of the excursion m contraction is umhanged 
until the resistance to be overcome passes a certam hmit, and then 
there is a decrease in the height of the excursion Even if givmg 
digitahs raises the aortic pressure, it is unnecessary therefore to expect, 
m the hght of these experiments, a change in the excursion of the 
ventncular wall In the case of our observations, the diastohc 
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volumes, measured in terms of the transverse diameter and the areas 
of the cardiac silhouette, did not even change, m one case, indeed, they 
actually decreased 

It was usually beheved on the basis of experiments m pharmacology, 
before 1900, when taking the blood pressure m human bemgs was 
still uncommon, that givmg digitahs raised the pressure This be- 
hef was gradually abandoned after the statements on this subject 
by Gottheb and Sahli (1901) Smce the more extended obsen’^ations 
by jMackenzie (1911), Cushny (1911), Cohn (1917), Robmson (1920), 
Eggleston (1917) and Luten (1924) the fact is now established that 
no change m the systohc blood pressure takes place imder the influence 
of digitahs, while the diastohc pressure, unless heart failure is present, 
often falls WTien heart failure is present the elevated systohc 
pressure usually falls as well 

In the four patients mcluded m this study, no defimte changes 
m the restmg blood pressure le\’'els were observed, when they were 
imder the influence of digitahs The systohc level remamed unchanged 
four tunes (Case 1, Case 3, twice, Case 4), decreased 16 mm Hg 
once (Case 2), and mcreased 10 mm Hg once (Case 4) The 
diastohc level was imchanged three tunes (Case 1, Case 4, Case 3), 
and decreased 10 mm Hg twice (Case 4, Case 2) In none of the 
observations was a rtse m the diastohc pressure seen 

There were seen, m short, no significant or consistent changes 
m either the systohc or diastohc blood pressure The changes m the 
excursion of the ventricle which we saw, were, therefore, not influenced 
by this as an important factor Nor are the shght changes, assuming 
that they took place, of such a natiue as to be able to bnng about the 
effects we noticed 


SUMMARY 

The effect of digitahs m therapeutic doses was studied m patients by 
the method of the movmg x-ray film Four patients were studied 
in this manner Two of these exhibited a normal rhy thm and the 
other two that of auncular fibrillation In all cases a significant 
mcrease m the height of the left ventncular excursion was seen when 
the patients were under the mfiuence of digitalis As the effect 
of the drug wore off the height of the excursion decreased As a rule 
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no decrease m the size of the heart took place We beheve that this 
IS the first time that the effect of a drug upon the contraction of heart 
muscle in man has been studied directly 
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EXPERBfENTAL STUDIES ON RAPID BREATHING 


I Tachypkza, Ikdepekdent of Axoveioa, Resulting from 
Multiple Emboli in the Pulmonary Arterioles 
AND Capillaries 

By C A L BINGER, G R BROW, avd ARNOLD BRANCH 
{From the BosptUil of the Fock^clJcr Institute for Medical Research j New Torh, A" F) 
(Rccei\ed for publication August 19, 1924) 

INTRODUCTION 

Rapid breathing is often a striking phenomenon m diseases of the 
cardio-respiratory systems, particularly m passive congestion of the 
lungs assoaated with heart failure and, more so, in lobar pneumoma 
Indeed, m pneumorua accelerated respirations may be the out- 
standmg dinical feature of the disease and are often a sign of prog- 
nostic importance No physiaan hkes to see a sudden mcrease 
m the respiratory rate or a contmuation of rapid respirations o\er a 
prolonged penod But the causes of tachypnea are by no means 
clear nor are its effects understood Haldane and his co-vrorkers (1) 
have taught that rapid and shallow breathmg ma> lead to anoxemia 
which, m turn, tends to keep up the condition of rapid and shallow 
breathmg, thus estabhshmg a viaous cycle Meakins (2) has 
presented evidence for the view that mcreased respiratory rate and 
decreased depth, as observed m pneumoma, may be m part responsible 
for the occurrence of the anoxemia so frequently seen m this disease 
At what pomt the viaous cycle begins has not been fully imderstood, 
but accordmg to these mvestigators, m such conditions as pneumoma, 
anoxemia conceivably arises from the unequal distribution of the air 
m the lungs This mitiates rapid and shallow breathmg, thus causmg 
severe anoxemia and, m turn, more rapid and more shallow respirations 
It has seemed to us important to mquire further mto the nature 
of this mechanism and to mvestigate experimentally some of the 
causes and some of the effects of tach^qmea We ha^e already apH 
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preached this problem in its relation to lobar pneumoma from several 
pomts of view A study (3) was made of the fluctuations m lung 
volume throughout the course of the disease It was found that the 
volume of air m the lungs varied comcidently with the chmeal course 
of the disease, but no unequivocal correlation could be estabhshed 
between lung volume changes and vanations m the rate and depth 
of respirations A more recent study (4) of the aad-base equihbnum 
of the blood of patients suffermg from lobar pneumoma revealed 
no changes which could be regarded as responsible for these abnormal 
respiratory phenomena 

Since neither the gross volume changes alone in the lungs, nor the 
chemical changes m the blood presented explanations for the func- 
tional changes m which we were mterested, it seemed to us important 
to mvestigate the nervous factors concerned with the control of the 
respiratory rate 

From a consideration of the phenomena involved m the control of 
normal respiratory movements, it is apparent that certain reflex 
impulses, probably ansmg m the lungs, may be responsible for changes 
m the rate and depth of the respiratory excursion, and thus, under 
abnormal conditions, provide a means for the onset of rapid and shallow 
breathmg Normally, a self-regulatmg mechamsm exists (the 
Hermg-Breuer (5) reflex) whereby, through the function of the vagus 
nerves, a given respiratory phase is termmated and the reverse phase 
imtiated Smee the description of this reflex by Hermg and Breuer, 
it has been generally taught that the alternate distension and collapse 
of the lungs provide the stimulus for hmitmg one respiratory phase 
and releasmg the opposite The true nature of the stimulus is not 
understood, but it is probably m some manner related to the alternate 
stretching and slackenmg of the alveolar walls durmg inspiration 
and expiration Lumsden (6) has brought some evidence m favor of 
the reflex bemg stimulated by the alternate mrush and outrush 
of air over the abated epithehum of the trachea and bronchi The 
cause of the rhythmic discharge of the respiratory center is equally as 
obscure Indeed, 34 years ago Henry Head (7) made the following 
statement which stfll must be regarded as substantially true 

If we attempt to take a general survey of the nervous mechanism of respiration, 
we must begm by confessmg that ve arc entirely ignorant of the cause of the 
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rh\ thmic activity of the respiratory centre Although the \'agi play an impor- 
tant part m regulatmg the breathmg they certainly are not the ultimate cause 
of rhy’thmic respiration, for rhyihmic breathing still continues, although in an 
altered form, e\ en after the vagi have been divided Moreo\ er the centre still sends 
out rhythmic impulses even when the medulla oblongata is separated from the 
rest of the bram, the spinal cord severed below the se\enth cervical \ertebra and 
the vagi, supenor laiymgeal, and ^osso-phatyngeal nerves divided Now what- 
ever may be the stimulus which keeps up the activity of the respiratoi> centre 
it IS certainly not of a rhythmic nature, and we are brought face to face with the 
difficult> that a continuous stimulus produces discontmuous activity m the 
organ upon which it acts So far we are unable satisfactorily to eiplam why 
this should be, but it is one of the earhest phenomena which meet us m the study 
of vital actrvuty 

In the absence of any’' precise knowledge as to the nature of the 
rhythmic impulses normally arising m the respiratory" centre or of the 
character of the reflex impulses ansmg m the lungs, it is unlik ely that 
we can amve at any complete imderstanding of the disturbances of 
respiratory rhythm On the other hand, a certam body of evidence 
exists for the behef that the afferent impulses, ansmg from local 
stimulation of the vagus ner\’'e endmgs located in the lungs, may 
possibly accoimt for the rapid and shallow breathing obser\’'ed in 
such conditions as acute lobar pneumoma Porter and Newburgh (8) 
observ^ed that the dyspnea which accompamed experimental pneu- 
moma in dogs produced by Fnedlander’s bacillus could be checked by" 
vagotomy or prevented by section of the vagi p^e^^ous to infection 
They concluded from their experimental findings that blocking of the 
afferent \agal impulses saved the respiratory centre from fatigue 
Other investigators have reported that local stunuh, due to imtants, 
(Pi Suner (9)), or to carbon dioxide, (Scott (10)), (Pi Suner and Belhdo 
(11)), may bang about rapid respirations which are promptly stopped 
by section of the vagus nerves This phase of the problem recen ed 
renewed attention during the war when the cunous disturbances of 
respirations present m gassed sohders and m those suffering from the so- 
called ‘^effort syndrome” were observed Haldane (12) interpreted 
these pathological states as due to changes m the exatabflity of the 
respiratory" center rather than to alterations m the threshold of 
acUvnty of the Henng-Breuer reflex In an effort to analyze the 
factors m\ol\ed m the tachypnea due to gassing, Dunn (13) made the 
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Striking observation that obstruction to the pulmonary circuiauon in 
goats, brought about by the mtravenous mjection of a suspension of 
potato starch, gives rise to a pronounced increase in the respiratory 
rates, unassociated with the appearance of artenal or venous anoxemia 
Furthermore, he observed that vagal section prevented the onset 
of rapid breathing, or abohshed it when it had already begun In 
spite of carefully planned expenments to estimate the blood flow, 
artenal and venous blood pressure changes, etc , Dunn did not explam 
the cause of the rapid respirations which mtravenous starch mjections 
mitiated, but beheved them to be m some way related to spasm of the 
finer bronchial musculature 

It follows from the foregoing discussion that further investigation 
of penpheral afferent stimuh m relation to rapid breathing is necessary 
This problem was the mcentive for our own expenments, of which an 
account follows 

EXPERIMENTAL 

Choice of amsilicHc Expenments on respirator control in man, as Tvell as 
m the lower animals, are comphcated by volimtar, emotional, and reflex m- 
fluences To obviate these m lower animals it is usually necessary to resort to 
the use of an anesthetic, the choice of which is of signal importance Depression 
of the respiratory centre, or inhibition of penpheral reflexes due to the anesthetic, 
may so alter the mechanism as to lead to false interpretations Ordmary volatile 
anesthetics, such as ether and chloroform, cannot be used satisfactorily m respira- 
tory studies Gad (14), foUowmg the observation of Guttman (15) recommended 
the use of chloral hydrate Though possibly effiaent for rabbits, chloral hydrate 
does not wholly satisfy the requirements when dogs are bemg used The effect 
is not suffiaently uniform or lastmg After repeated preliminary tnals it was 
found that L umin al and Luminal Sodium (Wmthrop) provided almost ideal 
conditions It is used m dosages of 0 12 to 0 15 gram per kilogram given by 
stomach tube Complete narcosis does not appear for 4 or 5 hours Anesthesia 
IS then so hght and even, that a comeal reflex usually persists throughout the 
experiment Breathing remains quiet and regular, usually rather slow The 
artenal blood is usually about 90 per cent saturated with oxygen The dogs 
retain their sensitiveness to intratracheal and mtrapulmonary stimuh For 
example, a fine catheter passed through the trachea into one of the smaller 
bronchi leading to a lobe ehats an expulsive reflex associated with changes m 
respiratory rate This reflex is often completely abolished with other anesthe- 
tics, but its persistence is of importance m the study of the effects of penpheral 
stimuli arising m the lungs After several preliminary expenments in which 
rapid breathing was induced by imtant substances (chlonne water, NILOH) 
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we detenmned to repeat Dunn's experiments for the purpose of ascertauung 
whether obstruction to the pulmonary circulation (artenolcs and capiUanes) 
m dogs gives rise to rapid breathing 

Emhohsm of the ^idmoiiary circxdalion produced vi dogs by the tnfrave- 
vous mjeciton of a suspension of potato starch 

In attempting to repeat Dunn’s experiments on dogs, instead of 
goats which he used, we were at first confronted with the appearance of 
sudden death before any changes m the rate of respirations occurred 
We learned, however, that this could be prevented by altering the 
method of starch mjection It was necessary to keep the starch 
granules from settling by bubbling a fine stream of air through the 
salt solution m which they were suspended The suspension was 
then allowed to run slowly and mtenmttently from a burette mto the 
nght external jugular vem which had been cannulated with a wide 
bore glass cannula 

The starch suspension used Vt’zs made accordmg to Dunn's directions b> scrap- 
mg a peeled potato on a grater, washmg m 0 85 per cent NaCl solution, filtering 
through 6 to 8 la\ers of gauze, and allowmg the granules to settle The sedi- 
ment was measured m a graduated c> hnder and 3 times its \ olume of 0 85 per 
cent NaCl solution was added Later m these experiments it was found of ad- 
vantage to use a more dflute suspension 1 part of starch to 19 parts of physio- 
logical salt solution 

Under these conditions it was obser\^ed that a certam volume of 
starch suspension could be mjected — without producmg any apparent 
effect Further mjection however, resulted m very defimte and 
constant changes The first to be observed was an mcrease m re- 
spiratory rate Assoaated therewith was a modification of the 
character of the respiratory movements, the maximum excursion of 
the body wall shiftmg from the thorax to the region of the diaphragm 
Dunng the expiratory phase the abdominal muscles at the level of the 
diaphragm appeared to contract forcibly The rate gradually acceler- 
ated and the depth appeared to grow shallower At this pomt further 
starch mjecbon almost mvanably killed the dogs Acceleration 
contmued until the breathmg became very rapid (often more than 100 
to the minute) and apparently \ ery shallow Dunng the penod of 
rapid breathmg the tongue and mucous membranes and the pads of the 



132 


STUDIES ON RAPID BREATHING I 


paws were usually blmsh and dusky After several hours of this 
condition respiration gradually slowed and then ceased, the heart 
continuing to beat for some minutes before the death of the animal 

This description may be regarded as typical of a starch experiment 
It presented several facts for quantitative analysis 

(а) The relation of rapid breathing to the volume of starch suspension 
injected No constant dosage could be found which would surely 
bnng on tachypnea Some dogs responded to one mjection of 5 cc 
of the 1 4 suspension, others reqmred from 15 to 20 cc With the 
more dilute suspension, 1 20, larger volumes were necessary, 40 cc in 
one experiment 

The fact that a certain volume of starch suspension could be m- 
jected without eSect on respiratory rate was shown m an experiment 
m which the rate remamed at 16 per mmute even after a total of 
11 cc of a 1 4 suspension had been mjected Not imtil a total 
injection of 15 cc had been given did acceleration begm The charac- 
teristic acceleration following starch embolism is seen in another 
experiment where, after a total of 10 cc of 1 20 starch suspension the 
rate remamed at 12, but after a total of 40 cc the rate gradually 
accelerated from 12 to 100 breaths per mmute m the hour followmg 
mjection The data of these experiments are presented m table 1 

These facts must be regarded as significant They suggested to 
us that the starch effect was probably not an untative one, mvolvmg 
prmapally afferent impulses which might be expected to operate at 
once m small doses, but that the effect was related m some way to the 
quantitative obstruction of the pulmonary arculation 

(б) Changes in pulmonary ventilation follovnng starch embolism 
It has already been mentioned that the rapid respirations following 
starch mjection had the appearance of bemg shallow This pomt 
was defimtely established by connectmg a pair of flutter valves to the 
tracheotomy tube and coUectmg the animal’s expired air m a Tissot 
spirometer m which the volume of air could be measured In one such 
experiment the tidal air was 147 cc with a rate of 14 and a mmute 
volume of 2 06 hters before starch mjection, as contrasted with a 
tidal air of 88 cc , a rate of 50 and a mmute volume of 4 40 hters after 
starch mjection This is charactenstic of the rapid and shallow 
breathing seen m disease m man in which the combined effect of 
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increased rate and decreased depth leads to a greater minute volume 
of pulmonary ventilation, but because of the relatively larger dead 
air space to a decrease m effective alveolar ventilation 

T^BLE 1 


T/ig t^ect of sUtrch ^njcctwn on respiratory rate 


Expcrimeiit number 

Time 

Total starch 

Respiratory rate per 
minatc 



cc. 



4 29 

0 

16 


4 42 

84 

16 

17 ^ 

4 53 

11 0 

16 

4 58 

15 0 

24 


5 15 

17 0 

28 


5 30 


38 


11 25 

0 

12 


12 09 1 

10 0 

12 


12 10 to 12 25 

40 0 



12 26 


24 


12 29 


30 

21 

12 33 


36 


12 36 


40 


12 45 


' 46 


12 55 


' 54 


1 10 


! 66 


1 16 


100 


TABLE 2 


Intravenous injection of potato starch 


Expenment 

number 

Time 

Total starch 
Btispcnsion 

! Respiratoiy 
rale 

per minute 

Arterial blood 

0 , 

exmtent 

0 , 

capaaty 

Per cent 
saturation 

COi 

content 



cc. 


Tol per ceni ^ 

roL ptreeni 


Tah per cent 

f 

4 29 

0 1 

16 

14 47 

16 63 

87 6 

38 85 

17 

6 29 

22 

54 

16 76 

20 24 

82 8 

35 85 

1 

6 47 


86 

15 33 

21 17* 

72 4 

30 6r 

1 

2 40 

0 

18 

16 71 

17 75 

94 2 

47 30 

19 

3 33 1 

5 1 

53 

13 10 

17 57 

74 5 

52 00 

i 

3 47 


73 

10 99 1 

16 48 

66 7 

51 60 


* The increased Oj capaaty observed here is probably associated with concentration 
of the blood resulting m part from pulmonary edema. 


















134 


STUDIES ON RAPID BREATHING I 


• (c) Arienal anoxemia following Starch emhohsm The cyanosis of the 
tongue and mucous membranes which we observed after the onset of 
rapid and shallow breathmg was not mentioned by Dunn m his experi- 
ments Nor did he find a condition of anoxemia of the arterial blood 
The occurrence of cyanosis m our experiments indicated the probable 
existence of artenal anoxemia This we found to be true In four 
starch mjection experiments the average artenal O 2 content before 
injection was 14 73 volumes per cent as compared with 11 74 volumes 
per cent after embohsm, the average O 2 capaaty bemg 16 49 volumes 
per cent before and 16 31 volumes per cent after embohsm These 
changes resulted in an average percentage saturation of 89 3 before 
embolism and 716 after The detailed findmgs in two of these expen- 
ments are shown in table 2 

{d) Effect of oxygen inhalation on anoxemia and tachypnea resulting 
from starch embolism To determine the relation between rapid and 
shallow breathing and anoxemia the following experiment was 
performed 

Experiment 21 A dog weighing 10 5 kg was given 1 65 grams Luminal by- 
stomach tube Three and one-quarter hours later the animal was relaxed and 
anesthetized A tracheotomy was done, the nght external jugular vem cannu- 
lated for starch mjection, and the left femoral arterj'- was cannulated for the pur- 
pose of drawmg samples of blood for gas analysis At 3 13 p m with the dog 
breathmg room air, his respirations were 14 to the mmute and his artenal blood 
was normally oxygenated, the percentage saturation bemg 92 8 One hour and 
forty-seven mmutes later, after the dog had received mtravenously 14 5 cc of 
1 4 starch suspension, his breathmg had accelerated to 89 to the mmute, he was 
cyanotic, and his artenal blood was 77 5 per cent saturated The dog was then 
permitted to breathe 90 per cent oxygen This resulted m a disappearance of 
the cyanosis The artenal blood was no longer unsaturated but showed a per- 
centage saturation of 96 8 In spite of this fact, his respirations had accelerated 
to 99 to the mmute On discontmumg the oxygen supply and alloumg the dog 
to breathe room air once more, cyanosis became mtense, the percentage satura- 
tion of artenal blood falhng to 55 6, and the respuations growmg extremely rapid 
and shallow — 194 to the mmute 

We bebeve that this experiment mdicates that anoxemia is not 
pnmanly responsible for the occurrence of the rapid and shallow 
breathing of starch embolism For here the rate contmued at 99 to the 
mmute without anoxemia though, to be sure, the further acceleration 
to 194 was undoubtedly the result of oxygen want 
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In another experiment this same pomt was brought out by a re- 
duction m rate from 74 to 47, upon breathmg 90 per cent oxj^gen — 
the rate before embohsm ha\ung been 18 This reduction was assoa- 
ated with disappearence of anoxemia, but it is apparent that the 
pnmar>^ cause of tach>"pnea which produced a rate of 47 stiU operated 
More comuncmg e\udence of the fact that tachypnea foUowmg 
starch embohsm occurs mdependently of anoxemia was furnished b}^ 
an experiment m which a dog inhaled 83 per cent O 2 and mamtamed 
completel}" saturated artenal blood throughout In spite of this, the 
rate of his respirations rose from 14 to 50 after 9 5 cc of 1 20 starch 
suspension had been mjected mtra\ enously 

These observ^ations are consistent w'lth the findmgs of Dunn, who 
obser\Td m goats rapid breathmg without anoxemia 

The cause of anoxemia foUowmg obstruction to the pulmonary 
arculation is fully discussed m Paper 11 of this senes (16) It may be 
momentarily dismissed here smce it has been shown that the rapid 
breathmg m which we are primarily mterested may occur mdepend- 
ently of anoxemia It remains, therefore, to mquire mto the cause of 
tach^qmea In the mtroduction we have already considered the prob- 
able relation of rapid and shallow breathmg to the reflex mnen ation 
of the lungs As long ago as 1812 Legallois (17) obsened that section 
of the vagus nen^'es produced slowmg and deepemng of the respiration 
Hermg and Breuer (5) as well as Head (7) showed that the reflex 
mechamsm, which goes by then* names, depends for its existence upon 
the function of the vagi Gad (14) was the first to demonstrate that 
by freezmg the vagus nerves their functional acti\'ity could be tem- 
porarily mtemipted, subsequently to be restored by thawmg This 
method of physiological vagotomy has the twofold ad\antage o\er 
actual section of the ner\ es m that it ehmmates comphcatmg currents 
of mjury induced at the cut ends of the ner\es which, of themsehes, 
alter the type of breathmg, and m that subsequent thawmg permits 
restoration of normal conduction 

Method of vagal freezing 

A con\ cnient method for freezing the \ agi is to place under the isolated intact 
nerves a silver plated lube 2 mm m diameter, so bent as to allov^ the nerves to 
he in two concave depressions, with the dogs trachea disposed between them 
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(see fig 1) The tissues, other than the vagi, arc insulated from the tube by 
cotton wool Through this tube cold brine is permitted to flow, the temperature 
of which can be controlled by the proper admixture of a armor bnne solution 



Fig 1 Photograph of Bent Silver Plated Tube Through Which 
Cold Brine Flows — for the Purpose of Freezing the 
Vagus Ner\^s 


The optimum temperature for freezing lies between 0® and — 5°C At these 
temperatures subsequent thamng apparently restores the nerves to normal func- 
tional activity 
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Efeci of vagal freezing npon tachypnea following starch embolism 

Experiment 60 A dog anesthetized with Luminal Sodium was given cc. 
of 1 20 starch suspension mtravenouslv His respiratory rate rose from 16 to 
57 per mmute While breathmg at this rate the isolated vagi were frozen bj 
the method described, with the result that the rate of breathmg immediately 
dropped to 20 The accompanvang changes m tidal air were as follows Before 
embolism 147 cc,, after embolism 88 cc , after vagal freezmg 170 cc. 

The effect of this procedure is, therefore, to convert rapid, shallow 
breathing into slow, deep breathing, We might conclude from such 
an experiment that the phy siological section of the nerv'es occasioned 
by’’ freezing them blocked certam afferent penpheral impulses initiated 
by the presence of the starch emboh We have, however, already 
ated evidence which casts doubt on the starch effect bemg primarily’’ 
the result of afferent imtativ e impulses It was shown that a certam 
mass of starch suspension had to be mjected before tachy’pnea was 
preapitated Unless we are deahng with a summation of madequate 
s timuli this fact strongly^ suggests that the starch effect is a mechamcal 
one, rather than imtative, resultmg from obstruction to a certam 
portion of the pulmonary’’ circulation — or, at least, from the anatonucal 
changes secondary to such obstruction 

Effect of vagal freezing upon tachypnea due to central rather than 
peripheral slimidi In order to find out whether the immediate subsi- 
dence of tachyqinea brought about by^ vagal freezmg after starch 
embolism necessarily mdicated that the tachy^pnea had been due to 
afferent penpheral stimuh ansmg m the lung, a control experiment 
was planned m which rapid breathmg was mduced by^ central stimu- 
lation (anoxic anoxemia, inhalation of 10 per cent CO 2 ) In this exper- 
iment there was no question of abnormal penpheral stnnuh such as 
might result from starch embolism 

Experiment 63 A dog weighing 12 5 kg was given 19 gram Luminal Sodium 
bv stomach tube Two and one-quarter hours later when he was relaxed and 
anesthetized, a tracheotomy was performed and the left femoral artery was 
cannulated The vagus nerv es were exposed m the neck and placed on the freez- 
ing tube The dog was then made to rebreathe a certam volume of air enclosed 
in a Benedict spirometer, equipped with inflow and outflow valves, the CO. 
bemg continuously removed b> passage of the expired air through soda lime 
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The result of this procedure was the gradual utilization of the ox)^gcn in the 
spirometer until the animal developed oxygen want and consequent rapid breath- 
ing At the height of rapid breathmg, when the O 2 concentration m the spirom- 
eter had fallen to 3 9 per cent, and the animal was deeply cyauosed, the vagi 
were frozen This resulted in an immediate slowing and deepening of respira- 
tions These facts were graphically recorded by the spirometer and are repro- 
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Fig 2 The Efeects on Respiration op a Low O2 Concentration, 
Vagal Freezing and High CO3 Concentration 

Curve A shows the slowing effect on respiratory rate of adding 90 per cent 
O 2 to the oxygfXL poor mixture m the spirometer Time marker indicates 1 second 
mtervals 

Curve B shows the slowmg and deepening effect of vagal freezing on rapid 
respirations due to breathing an ox^^gen poor mixture Time marker mdicates 
1 second mtervals 

Curve C shows the slowmg and deepenmg effect of vagal freezmg on rapid 
breathmg due to high CO 2 concentration Tune marker mdicates 5 second 
mtervals The factor for the spirometer is 4 82 cm excursion of the beU for 1 
hter The scale represents centimeters reduced proportionately to the tracmg 

duced m figure 2, curve B To show that the rapid respirations were due wholly 
to oxygen want m another such period of rebreathmg when the O 2 concentra- 
tion of the spirometer had fallen to 4 2 per cent, 95 per cent oxygen was run mto 
the spirometer with the result that rapid respirations immediately ceased This 
IS graphically sho^n m figure 2, curve A 
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This expenment, therefore, showed that rapid breathing due to 
oxygen want resulting from lowered alveolar oxj^gen tension can be 
at once stopped by freezmg the 'v agus nerv es To find out whether 
vagal freezmg checks the rapid breathing resultmg from central 
stimuh other than anoxemia, the same dog was permitted to rebreathe 
a volume of 95 per cent oxygen enclosed m the Benedict spirometer 
from which the soda hme had been removed The result was a gradual 
accumulation of CO 2 without the de\elopment of O 2 want because 
of the high O 2 concentration WTien the CO 2 concentration had 
reached 10 per cent and the dog^s breathmg was rapid, the \agi were 
frozen and there resulted slow, deep respirations The graphic 
spirometnc tracmg is reproduced m figure 2, curve C 

This is m accord with the findings of Scott (10), who showed that 
the response to high CO 2 inhalation after \^gotomy was characterized 
by mcrease m depth rather than accelerated rate 

We beheA^e that this experiment shows that smce Aagotomy slows 
the tach}^nea of central ongm, such slowing does not necessarily 
imply the blocking of afferent imtatn e penpheral impulses And the 
slowmg produced b} a agal freezmg m starch tach}'pnea cannot, there- 
fore, be used as CAidence for the existence of such impulses 

PATHOLOGV OF STARCH EATBOLISAT 

At this pomt a description of the pathological process produced 
m the lungs by starch embolism will be of adA^antage It should be 
said that the potato starch granules are of ^ anable shape and size, 
bemg, roughly arcular to oa al, and m diameter from 20 to 40 micra 
In a starch suspension some granules were seen with a diameter as 
small as 5 rmcra and others as large as 60 nucra The diameter is such 
as to penmt their entrance mto terminal artenoles and capillanes, 
but the granules are apparently too large to pass be\ ond puhnonarA 
capillanes Starch cells haA e not been found on histological examina- 
tion of organs other than the Ixmgs But m the lungs their distn- 
bution IS widel} dissemmated In some specimens they are frequentl> 
seen m almost e\eTy low power microscopic field, often completely 
oblitenng the lumen of a capillar} A detailed descnption of the gross 
and microscopic pathologA of the embohzed lungs follows 
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Pathology of starch kings Postmortem examination was performed on 15 
dogs which had received starch In some instances the animals were killed at 
the conclusion of the experiment by injecting 10 to 20 cc of a saturated solution 
of magnesium sulphate^ intravenously, an other cases they died spontaneously 
Autopsy was performed immediately after death, the trachea being clamped 
before the chest was opened The clamp was later removed and the collapse of 
the lungs noted 

Normal controls Two normal dogs were sacnficed to serve as controls These 
were anesthetized and fastened to the table for 3 hours, m a way comparable to 
the experimental animals One of these died following decerebration, and the 
other was lolled with magnesium sulphate intravenously 

The lung-heart ratio m the 2 normal controls yas 1 42 and 1 10 respectively, 
the mean being 1 26 The pleural cavities contained no free fliud The lungs 
were pale pmk and collapsed completely on removing the tracheal clamp, except 
in small areas m the cephahe and ventral lobes ” Only a shght degree of hypo- 
stasis occurred m the posterior of the caudal lobes of these animals The nght 
heart seemed moderately dilated 


Gross pathology 

For convenience of description the matenal may be divided mto two groups 
accordmg to whether the animals died, or uere killed, withm 2 hours after the 
primary starch mjection, or longer, 2\ to 4^ hours Eight animals are mcluded 
m the former, and 6 in the latter group 

Thorax and lungs In the first group, i e , m those dogs in which death oc- 
curred withm 2 hours after the first starch mjection, the limgs appeared normal 
except for more extensive h 3 ^ostasis m the dependent parts There was no 
marked congestion and no gross edema The heart-lung ratio m 2 cases was 
1 44 and 1 45, respectively, which is withm the normal limit No free flmd was 
present m the pleural cavities 

In the second group of 6 animals, m which death occurred from 2^ to 4^ hours 
after the first starch mjection, pleural fluid was present m excess m only 1 (25 
cc ), but hypostasis was more extensive than m the first group m all In 1 dog 
h 3 qiostasis was so extensive as to involve the whole of both caudal lobes and the 
dependent (dorsal) parts of the other lobes In all the animals of this group the 

1 For this method of killin g dogs we are mdebted to Colonel E B Vedder of 
the United States I^Iedical Corps, Medical Research Division, Chemical Warfare 
Service The method has the advantage of brmgmg about almost instantaneous 
death from respiratory failure and cardiac stand-still, without resultmg structural 
changes m the lung attendant upon most other methods of kiUmg animals 

2 For convenience Theobald Smith’s (18) classification of the lobes of the lungs 
IS employed On either side there is a cephahe ventral and caudal lobe, vhile 
on the right side there is, besides, a medial lobe 
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lungs collapsed on remo\'ing the tracheal clamp, but not to the same degree as 
m the normal dogs There was, howe\er, no generalized emph\sema Pete- 
chial hemorrhages occurred on the pleural and on the cut surfaces of the lungs m 
4 mstances The hemorrhagic areas were bnght red and measured approxiniatel> 
3 to 4 mm m diameter Edema was 's er\ marked m the lungs of 2 dogs, frothy 
serous fluid exudmg m large quanUU through the trachea when the lungs were 
m\erted, and the cut surfaces appearing qmte ^et The lung-heart ratio m 
these 2 was 4 63 and 3 85, respecti\ el\ , well o\er the normal figure, and m 1 
other it was 1 66 

Other organs The nght heart usuall% appeared dilated and tense The 
spleen, h\er and kidnej’s showed no lesions which could be attributed to starch 
mjection 

Antemortem injection of India ink In 1 case 25 cc of Higgm’s waterproot 
India ink, pre^noush dial\'zed m a parchment sac against Rmgeris solution (Krogh 
(19)), was nm mto the jugular \ein and the ammal Lflled 5 minutes later b\ the 
mtra\enous mjeebon of magnesium sulphate soluUon E'^ammation of these 
lungs after remo\al showed that the hjiiostatic areas m the lower lobe were red 
and had not been permeated b\ India ink The remainder of the surface of the 
lungs was suppled wath small black spots a picture \ er\ difierent from that seen 
m a normal animal sunilarU mjected wath India ink In a normal dog the sur- 
face of the lungs presented a diffuse black discolorabon except along the edges 
where there was no India mk to be seen 

Poslmoricm injeciion of banum sulphate gelatin The pulmonary artene^ of 
2 normal dogs and of 2 “starch” animals were mjected postmortem h\ the method 
of Gross (20) with banum sulphate gelatm under 40 to 60 mm Hg pressure 
The solution used, howe\er, was less viscid than Gross’s having as its base 6 
per cent gelatm, which is approximateh iso\Tsad wath blocd After fixabon m 
10 per cent fo rmalin , stereoscopic x-ra\ photographs were made The lungs 
were then cleared b\ the Spalteholtz (21) method 

ExammaUon of steroscopic x-ra\s of the mjected lungs of the normal dogs 
shows that the mam artenes graduaU\ dimmish m calibre as the\ approach the 
penpherv , and that the> grv e off numerous small branch e=> which simflarK dimmish 
m size to end m the fine artenoles at the surface The structure ma\ be com- 
pared to the branchmg of a spruce tree (see fig 3) In the x-ra\ pictures of the 
starch lungs careful exammabon shows that the shadow cast b\ the fine thread- 
like temunal \cssels is absent This is demonstrated more cicarh b\ mspeebon 
of the surface of the cleared specimens with a lens (see figs 4 and 5) There is 
also a nobceable difference m color between the cleared normal and starch spea- 
mens The starch lungs are much darker than the normals, due to retamed blood 
which has not been complcteh washed out b\ the prclunman. salme imgation 
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Microscopic pathology 

Lungs (See fig 6 ) Histological examination was made in 13 cases After 
the lungs had collapsed sections from several lobes were fixed m Zenker’s fluid 
with 5 per cent acebc acid Eosm and methylene blue stammg was used on 



Fig 3 Dog 6 Starch Injection X-ray Photograph of Cephauc, 
\’’entrax and AIedial Lobes of Right Lung after Injec- 
tion utth Barium Sulphate Gelatins 

Note the lypt, of branching of the pulmonary artery in the dog's lung 

paraffin embedded sections In some mstances frozen sections were stamed 
with Gram’s lodmc 

The starch granules nere seen m the arterioles and capillaries scattered through- 
out all lobes, the majority appearing to be m arterioles Those in the capillaries 




Fig 4 Dog C 1 Normal Coxtrol Natural Size Photograph of Surface 
OF I^JECTED A^^) CLEARED RiGHT LiTSG 

Note the fine phcnpheral vessels The animal u-as bled to death and the nght 
pulmonan arten imgated with salme at 30 to 40 mm Hg pressure until the 
return \ cnous flow was colorless It was then mjccted with hot 6 per cent banum 
suphatc gdatme at 50 to 60 mm Hg pressure and flxed m formalin, deh\drated 
and cleared m oil of wmtergreen 
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Fig 5 Dog 16 Natural Size Photograph of ^^Starch” Lung 


Note the absence of the finer a r ten ole iutgs — and the dark color due to retained 
blood 
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Fig 6 Dog 21 ‘*St\rch ' Ll\g Microphotogeaph of Right A evtral 

Lobe X 430 

Grossh the lung showed petechial hemorrhagcb and edema 
A Xotc (he tuo starch granules uith surroin ding lcucoc\iic tj rojrhi The great 
local dflatation of the capillanes is also e\ndent 

B The later stage of the abo\e Note the extravasation of red blood cells 
into the alveolar lumma which also contain a serous fluid and some leucoevtes 
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caused definite dilatation of the walls and bulging into the alveolar lumina 
The number of granules varied greatly in different specimens, sometimes occur- 
nng m every low power field, sometimes not so frequently Frequently small 
leucocytic thrombi could be seen about the granules An mterestmg finding 
was the irregular narrowmg of the lumma of the bronchioles, due to local thicken- 
ing of the musculature This ivas likewise observed by Dunn who believed it 
represented muscular spasm The significance of these contractions is doubtful, 
smee they were found also m the lungs of the normal dogs 

In the 7 dogs m which death occurred withm 2 hours after the first starch 
mjection the characteristic findmgs were those just desenbed Besides these, 
m 4 mstances areas of congestion and partial atelectasis were seen about the 
starch emboli In these congested areas capiUanes were distended and the al- 
veolar walls thickened Interstitial edema occurred m 2 of these 4 dogs and in 
1 other of this group 

On the other hand, m each of the 6 cases m which death occurred 2j to 
hours after the first starch mjection, interstitial edema was present, especially 
m the loose tissue surroundmg the blood vessels In 4 of these animals there was, 
as well as mterstitial edema, congestion and dilatation of the capiUanes m the 
region of the starch emboh with extravasation of fluid and red blood cells into 
the alveolar spaces The walls thus thickened encroached on the alveolar lumma 
Emphj'sema did not occur except m small areas near the surface 

The above descnption does not mclude sections of the hypostatic areas which 
showed hemorrhagic extravasation mto the alveolar spaces 

Blood pressure following starch embolism 

From the obstruction to the pulmonary circulation observed m 
these pathological specimens it seemed at first probable that starch 
embolism rmght lead to profound changes m systemic and pulmonary 
blood pressures and that the rapid breathing following starch mjection 
might be related to such changes Dunn (13), however, had shown 
that no nse m right ventricular pressure occurred in goats after starch 
embolism, and that there was no conspicuous change in venous or 
arterial blood pressures Smee these findings are quite consistent with 
the work of previous investigators, Lichtheim (22), Welch (23), Under- 
hill (24), we have not at this time deemed it necessary to mqmre into 
changes in the pressure m the pulmonary arculation for an explana- 
tion of tachypnea Measurement of the pressure m the pulmonary 
circulation usually reqmres operative procedures which may in them- 
selves occasion changes in respiratory rates Haggart and Walker (25) 
have recently shown that until from 52 to 66 per cent of the pulmonary 
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circulation is cut off by damping the pulmonar)^ sutery there is no 
significant vanation m the general arculatory condition of the anunals 
(cats) At this pomt a min ute increase m artenal obstruction leads to 
arculatory collapse with dilatation of the heart and fall m pulmonary 
and artenal pressure 

In 2 dogs recennng mtra\ enous starch mjection we obser\ ed only a 
\try shght lowenng of systemic blood pressure after the onset of 
tach}’pnea In 1 of these animals raismg the artenal blood pressure by 
mtra\ enous mjection of adrenahn was without effect on tachypnea, 
showing that this condition is certainly not related to a shock-like fall 
in s^'stemic blood pressure Figure 7 presents the blood pressure and 
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Fig 7 Blood Pressure axd Pxeuuographic Tracd.g beeore A^'D 
AETER IkJECTIOX OF 5 CC 14 SXARCH SUSPENSION 

Tlie mean artenal pressure remains practicall\ imchanged The mcrease m 
pulse pressure, decrease m diastohc pressure and marked acceleration of re- 
spiratory rate arc shown Tune marker mdicates 1 second mtervals 

pneumographic tracmg of one of these experiments After the mjec- 
tion of 5 CC 14 starch suspension there is an immediate drop m 
systemic pressure which qmckly resumes the normal level, to be 
followed (with onset of tachyqmea) by shght lowermg of diastohc and 
maease m pulse pressure, the mean artenal pressure remammg 
pracbcally imchanged 

Reduction of lung volume following starch embolism 

The general picture of congestion suggested a probable change in the 
elastiaty of the lung, such as shows itself m chmcal disease by a re- 
duction in Mtal capaaty Smce a measurement of \’ital capaaty 
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requires active cooperation on the part of the subject, it is hardly 
possible in experimental ammals We were, however, able to measure 
the volume of air m the lungs at the end of expiration, or the so-called 
functional residual air (3) This, we know, in man, forms a constant 
fraction of the total lung volume and varies with it as it does mth the 
vital capacity In 3 successive lung volume determinations m a normal 
dog the extreme variations were from 0 55 to 0 52 hter, indicating that 
the method is reliable when used on ammals A marked reduction 
of lung volume was observed m a dog which had received an mtra- 
venous injection of 9 cc 14 starch suspension Before injection, 
when the respiratory rate was 30, the lung volume was 0 52 hter 
After starch mjection the rate doubled and the lung volume decreased 
to 0 36 hter, a drop of 30 per cent One may conclude from this that 
the hypostasis, edema and swelhng of capillaries which has led to 
atelectasis thereby results in a diminution m air content of the lungs 
The probable relation of this to rapid and shallow breathing will be 
discussed 


DISCUSSION 

The experiments presented in this paper, we believe, bring out 
certain facts concermng the causes of rapid and shallow breathmg 
It has been shown that foUowmg the production of multiple emboh 
of the pulmonary arterioles and capillaries, rapid and shallow breath- 
mg ensues This may be aggravated by anoxerma but does not depend 
for its existence upon the occurrence of anoxemia It was thought at 
the outset that the change in respiratory rate and depth was probably 
the result of irritative stimuli m the lungs occasioned by the presence of 
starch granules, and that the effect of vagal freezing which promptly 
slowed and deepened respiration was to block these afferent stunuh 
Two facts which we have observed make us question this mterpreta- 
tion First, the onset of tachypnea did not occur until a certain 
volume of starch suspension had been injected, at which tune there 
was gradual acceleration up to a maximum rate This suggested that 
the response was related to the mechamcal obstruction of the pulmon- 
ary circulation, or to the secondary anatomical changes dependent 
thereon, and that it was not of an irritative reflex nature which might 
be expected to operate immediately and proportionately to the 
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dosage The second fact which occasioned doubt as to whether the 
tachjpnea of starch embolism were induced by afferent irntati\e 
stimuh was this Other t>"pes of tach>^nea dependent upon what 
are probably central stimuh such as anoxic anoxemia and high car- 
bon dioxide concentrations and not dependent upon the presence of 
foreign bodies m the lungs, are similarly stopped b} vagal freezing 
This, we beheve, suggests that an animal whose vagus neix’^es have 
been cut or frozen is unable normall} to accelerate his respirations, 
and that he responds chiefly to the fundamental rh}i:hm of the respi- 
rator}’' center which can no longer be notified of changes m the degree 
of distention and collapse of the lungs, smce the Hermg-Breuer reflex 
has been intercepted by \ agotomy We ha\ e been unable to comnnce 
ourseh es that the contractions of bronchial musculature which Dunn 
(13) beheved to be of importance are the essential lesions responsible 
for tach}T)nea smce simflar contractions were obser\’’ed m postmortem 
examination of the lungs of control dogs 

The whole pathological picture m the lungs of these animals is one 
of \ascular congestion and mterstitial edema — with localized areas of 
atelectasis These changes are accompamed by dimmution m lung 
volume and are, we beheve, analogous to those seen m disease m 
human bemgs m which pulmonar}^ congestion results m loss of elasti- 
aty of lung tissue (Limgenstarre) associated with a reduction of the 
Antal capaaty 

The structural changes resultmg m reduced limg \olume because 
of diminished puLmonaiy^ elasticity result m mechamcal limitation 
of the depth of the mdrvndual breath Thus we see that those con- 
ditions m which reduction of lung \ olume occurs, such as acute and 
chrome passive congestion of the lungs, lobar pneumoma, pulmonary 
fibrosis, are the \ery ones m which the respirations are hable to be 
shallow and rapid Shallow because of mechanical limitation to dis- 
tension and collapse, and rapid, we behcAe, because the normal self- 
regulatmg mechamsm of Hermg and Breuer b} which each respiratory 
phase is tenrunated and the reAerse phase hberated, is sped up b} the 
mechamcal limitation of each phase A clearer descnption of this 
process is at present hardl} possible smce we are ignorant of the exact 
nature of the stimulus to which the Hermg-Breuer reflex responds 
That some such such sequence of eAents can actual!} occur ma} be 
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very simply shown by compressing an anesthetized dog’s thorax with 
the hands or by wrapping an ordinary blood pressure cuff about the 
thorax and inflating the cuff Under these conditions the greater the 
compression, the shallower the breathmg, and the shallower the more 
rapid This effect is instantaneous and, therefore, almost certainly 
not the result of chemical changes in the blood or respiratory center 
This we conceive to be the mechanism of rapid and shallow breathmg 
as it occurs m multiple expenmental embohsm of the pulmonary 
artenoles and capillaries The condition may be aggravated by 
anoxemia, but, on the other hand, it may anse independently of 
anoxemia 

The fact that freezmg the vagus ner^ms will convert such rapid and 
shallow breathmg mto slow, deep breathmg can be explained on the 
basis of interference with the Henng-Breuer reflex, with the result that 
the respiratory center is no longer apprised of the postural state of the 
lungs Breathmg takes on the fundamental rhythm of the center 
which tends to be characteristically slow and deep, without the moder- 
atmg influence of the vagi, and which can, under these conditions, 
overcome the lung’s resistance to distension It must, of course, be 
remembered that central stimuli due to the hydrogen ion concentra- 
tion of the blood and the metabolic needs of the organism wiU, m part, 
determme the respiratory rate when depth is limited from whatever 
cause, no mechamcal reflex explanation bemg sufficient 

It is not improbable that the explanation of the cause of rapid and 
shallow breathmg suggested here obtams likewise m such chnical con- 
ditions as acute and chrome passive congestion of the lungs, lobar 
pneumoma, mihary tuberculosis, pulmonary fibrosis— Conditions m 
which structural changes m the parenchyma lead to loss of elasticity 
and thus reduction in lung volume, with shallow (and therefore rapid) 
respirations To estabhsh this clmical analogy more securely it wiU 
be necessary to study the effects of similar expenmental structural 
changes locabzed m one or more lobes Such work is m progress, as 
well as an investigation of the effects of prolonged rapid and shallow 
breathmg with particular reference to the question of fatigue of the 
respiratory center 
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SUMMARY AND CONCLUSION 

1 Multiple emboli of the pulmonarj^ artenoles and capiUanes 
experimentally produced m dogs by the mtravenous mjection of sus- 
pensions of potato starch result m rapid and shallow breathing 

2 Such rapid and shallow breathing may be associated with anox- 
emia of the artenal blood 

3 It does, however, not depend upon anoxemia because rapid and 
shallow breathmg persists after anoxemia has been reheved, and 
because it occurs even when anoxemia has been prevented by previous 
oxygen inhalation 

4 The cause of rapid and shallow breathmg following embolism 
of the pulmonary artenoles and capHlanes is therefore not anoxemia 

5 Freezing the vagus nerves converts the rapid and shallow 
breathmg of starch embolism mto slow, deep breathing 

6 This slow, deep brea thin g does not alleviate the condition of 
anoxemia which mdicates that anoxemia is not caused by rapid and 
shallow breathmg The cause of anoxemia following obstruction to 
the pulmonar}"' circulation is discussed m Paper IE of this senes 

7 Freezmg the vagus nerves of a dog breathing rapidly from oxygen 
want, due to inhalation of a gas mixture with a low partial pressure 
of oxygen, similarly results m slow, deep breathmg 

8 The same effecft is produced by freezing the vagi of a dog with 
tachypnea caused by breathmg a gas mixture with a high partial 
pressure of CO; 

9 This slowmg effect produced by vagal freezmg does therefore not 
necessarily represent the result of blockmg afferent irritative pen- 
pheral impulses, smce m these two instances (7 and 8) the stimulus to 
rapid breathmg was central and chemical 

10 It IS beheved that a dog with vagi frozen is unable to accelerate 
his respiratory rate 

11 Evidence against the starch effect bemg of an imtative nature is 
furnished by the fact that a certam cntical dose of starch suspension 
must be mjected before the characteristic response of tachypnea occurs 

12 The gross and microscopic patholog>’' of ‘^starch’^ lungs is 
characterized by evidences of congestion, edema, and atelectasis 
with multiple emboh occumng m the artenoles and capillanes 
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13 These changes are not associated with a fall m systemic blood 
pressure 

14 They are assoaated with a reduction in lung volume (functional 
residual air) which is beheved to be accompanied by a decreased 
elasticity of the pulmonary parenchyma 

15 Such a decrease m elasticity (Lungenstarre) results m shallow 
tidal air 

16 Breathmg which is shallow becomes rapid through the mechan- 
ism of the Henng-Breuer reflex which depends for its existence upon 
intact vagus nerves 

17 This has been shown by compressmg the thorax of an anesthet- 
ized dog under which circumstances the greater the pressure the 
shallower the breathmg and the shallower the more rapid 

18 An analogy has been suggested between the cause of tachypnea 
foUowmg multiple embohsm of pulmonary artenoles and capiUanes 
and the rapid breathmg seen m such chmcal conditions as acute and 
chrome congestion of the lungs, lobar pneumoma, mihary tuberculosis, 
pulmonary fibrosis 
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n TACHypNEA, Dependent upon Anoxemia, Resulting erom 
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INTRODUCTION 

In Paper I (1) of this senes it was shown that multiple emboh 
of the pulmonary artenoles and capiUanes expemnentally produced 
m dogs by the mtravenous mjection of a suspension of potato starch 
cells, resulted m rapid and shallow breathing, which occurred in- 
dependently of anoxemia but was aggravated by it The primary 
cause of this t)^e of tachypnea was attributed to anatomical changes 
m the lung parenchyma m the nature of congestion, edema and 
atelectasis with reduction of lung volume and diminution m the 
normal elastiaty of lungs The limitation of respiratory excursion 
thus produced led to acceleration of rate through the action of the 
vagus nerves (Herrmg-Breuer reflex) 

An analogy was drawn between this type of rapid and shallow 
breathing and that seen m such clinical conditions as acute and 
chrome passive congestion of the lungs, lobar pneumonia, and pul- 
monary fibrosis 

The object of this present study was to determme whether ob- 
struction to the larger branches of the pulmonary artery would lead 
to stmOar effects, or whether they were inherently related to lesions 
of the artenoles and capfllanes We shall see m this paper that 
tachypnea does result from obstruction to the larger branches of the 
pulmonary artery, but that it is different m character and ongm 
from the tachypnea following obstruction to the pulmonary artenoles 
and capUlanes 
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EXPERIMENTAL 

In this, as in the previous study, dogs anesthetized with Luminal 
Sodium were used as experimental animals To produce obstruction 
of the larger pulmonary vessels, we resorted to the mtravenous m- 
jection of seeds of vanous sizes The seeds used and their average 
diameters were as follows 



cm 

Poppy 

0 

1 

Rape 

0 

2 

Radish 

0 

25 

Pea 

0 

5 


The method of mjectmg all seeds except pea seeds 1 % as to fill short lengths of 
glass tubmg with a known number of the seeds The tubmg was just wide enough 
to hold the seeds smgle file and was of approximately the same bore as the venous 
caxmula The glass tube and cannula w'ere then filled with 0 85 per cent NaCl 
solution and the seeds were forced ifito the vem by flushmg out the tube with 
10 cc salme from a synnge To mject the pea seeds, smgle peas were fixed on a 
pomted steel wire threaded through a French woven catheter No 8 The seed 
was then pushed down the nght jugular vem mto the nght heart By holdmg 
the catheter m place and drawmg back the wire the pea was dropped mto the 
cavity of the nght heart 

Embohsm of the pulmonary ctrcuUaion p)oduced at dogs by the mtra- 

venotis mycchon of seeds 

Rapid but labored and rather deep breathmg assoaated with pro- 
gressive cyanosis of the tongue and mucous membranes is the char- 
actenstic response of dogs to mtravenous injections of seeds This is 
true no matter what kmd of seed is employed, but with the smaller 
seeds many more are necessary to bung about this effect than with 
the larger ones For example, to raise the respiratory rate from 12 
to 29 breaths per min ute m one dog, 1000 poppy seeds, averaging 0 1 
cm in diameter, had to be mjected Whereas, with pea seeds, which 
average 0 5 cm m diameter, after 13 had been mjected m another 
animal the rate rose from 12 to 22 breaths per nunute Seeds of inter- 
mediate diameter such as rape, averagmg 0 2 cm , produced rapid 
breathmg and cyanosis after an intermediate number (122 in one 
experiment) had been mjected As with starch embolism, so with 
seeds — a certam dosage had to be mjected before any apparent 
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changes in the armnal^s condition occurred For example, m one 
dog after 50 rape seeds had been mjected the respiratory rate and 
percentage saturation of artenal blood remained imchanged, but 
with the additional mjection of ISO seeds, the respiratory rate trebled 
and the saturation fell from 89 3 to 72 7 per cent 

In another experiment the mjection of 400 poppy seeds had no 
effect whatever on the respirator}’’ rate and was not accompamed by 
<yanosis, and marked tachypnea and anoxemia did not occur until 
nearly 1000 seeds had been mjected 

Once tachypnea and anoxemia had arisen there was a tendency for 
both to progress, with the gradual detenoration of the animal and 
death from respiratory standstill, the heart continuing to beat for a 
short penod after breathmg had ceased Additional seed mjection 
m a dog already cyanotic and breathing rapidly usually resulted m 
sudden death 

The fact that a cntical number of seeds had to be mjected before 
tachypnea and anoxemia occurred, together with the fact that the 
greater the number of seeds the severer the effect and, furthermore, that 
the number of seeds necessary to produce such an effect was m mverse 
ratio to their diameters, all suggested that we were dealmg with a 
phenomenon directly dependent upon mechamcal obstruction to the 
pulmonary circulation It remamed to show the relationship ex- 
istmg between the two changes that ensued, namely tach}pnea and 
anoxemia, and the causes for their existence To accomplish tht.q a 
more precise analysis of the vanous factors m\oIved was necessary 

(а) Changes m pulmonary ventilation jollawing seed embolism 
Unlike starch embohsm, seeds produce breathmg which is usually 
labored and deep as well as rapid, and though the rate may nse to 
70 or 80 breaths per mmute it does not reach the extraordinary degree 
of rapidity occasionally observed after starch mjection In four 
experiments the average rate before seed embolism was 14 and after 
It was 40 This was assoaated with an a\ erage mcrease m tidal air 
from 180 to 198 cc. and a resultant change m volume of pulmonary 
ventilation from 2 62 to 7 97 hters per mmute 

(б) Arterial anoxemia follorjoing seed embolism The cyanosis which 
the dogs exhibited has already been mentioned That this was 
dependent upon artenal anoxemia, often of profound degree, was re- 
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peatedly demonstrated by blood gas analyses In 12 dogs the average 
arterial O 2 content before cmbohsm was 16 25 volumes per cent, after 
embolism it had fallen to 11 59 In these dogs the average capaaties 
remained almost unchanged — the figure before embolism bemg 18 19 
volumes per cent as compared with 18 74 volumes per cent after 
This resulted in a decrease m the percentage saturation of artenal 
blood of nearly 25 per cent, or from an average of 87 56 per cent to one 
of 62 68 per cent 

(c) Effect of O 2 mhalaUon on anoxemia and tachypnea following 
seed embolism It was shown m Paper I (1) of this senes that oxygen 
admimstration to a dog after embohsm of the pulmonary artenoles 
and capillanes reduced the respiratory rate but httle, and that oxygen 
inhalation before embohsm did not prevent the occurrence of tachy- 
pnea which, under such arcumstances, arose even without the ex- 
istence of anoxemia With embohsm of the larger branches of the 
pulmonary artery the effect of oxygen mhalation is quite different 
from this To our surprise, m these dogs the respiratory rate was 
brought down to a normal level on allowmg them to breathe oxygen 
nch mixtures and, furthermore, tachypnea was wholly prevented 
when oxygen was given pnor to the production of emboh For 
example, in one dog while breathing room air the respiratory rate 
was 71 to the mmute and the artenal blood was only 53 5 per cent 
saturated after the mtravenous mjection of 200 rape seeds Breath- 
mg a 90 per cent O 2 mixture reduced the respiratory rate to 19 and 
mcreased the artenal saturation to 97 0 per cent In another animal 
the respiratory rate was 13 and the percentage saturation of artenal 
blood 90 2 before oxygen inhalation and seed mjection The dog 
was then pemutted to breathe 90 per cent O 2 , with the result that his 
respiratory rate fell to 8, and his artenal blood rose m percentage 
saturation to 99 2 While m this condition rape seeds were mjected 
intravenously to a total number of 250 The respiratory rate remamed 
at 8 and the saturation fell only to 92 0 per cent which was still in 
excess of the ongmal Oxygen inhalation was discontmued, the dog 
agam breathmg room air There resulted a gradual acceleration 
of respiratory rate and progressive decrease m percentage saturation 
of artenal blood, these changes occunng simultaneously In two hours 
the dog’s respirations had reached 57 to the minute, and his artenal 
blood had decreased 23 7 per cent m saturation with O 2 
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The data of this expenment are presented m table 1 
These facts lead to the obvious conclusion that the cause of tachypnea 
resulting from seed embolism is anoxemia 

(rf) EPect of vagal freezing upon tachypnea and anoxemia foUcrdnng 
seed embolism The effect of \ agal freezing was discussed m Paper I 
(1) Here we showed that not only the rapid and shallow breathing 
of starch embolism was com erted mto sloWj deep breathing by freez- 
mg the ^agl, but that other types of tach^^pnea resultmg from pre- 
sumably central stimuh, such as low alveolar ox>’gen or high COi 
tensions, were similarly checked by this procedure 

We suggested that an animal without \agal control was unable 
to accelerate his respirations It was reasonable to anticipate that 


TABLE 1 

Experiment 36 Intravenous injection of rafe seed preceded hy oxyger tr halation 


Time 

Total 
number 
of seeds 

Gas mhaled 

! Resprra ^ 

Artenal blood 

Ijcrj rate 
per mmutej 

O 

content 

capaaty 

Satnra 

tion. 

CO 

content 





Tol Per 
cent 

rot per 
cent 

pererrJ 

■zcl P^ 
ctnS 

2 19 

0 

Room air 

13 1 

1 18 73 

20 77 

90 2 

41 52 

3 15 

0 

90 per cent oxj'gen 

S 

18 50 

18 66 

99 2 

48 0 

4 55 

250 

90 per cent oxj’gen 

s 

16 16 

17 57 

92 0 

52 6 

5 05 1 


Room air 

29 ' 

13 70 

17 36 

78 9 

48 7 

6 08 


Room air 

42 

12 31 

17 26 

71 3 

43 48 

6 35 


Room air 

57 

12 49 

1 

IS 2S 

68 3 

43 2 


the rapid breathmg foUowmg seed embolism, which has been shown 
to be a sequel of anoxemia, would m like manner be stopped b\ \ agal 
freezing This, mdeed, is a fact, concemmg the truth of which we have 
repeatedl} satisfied oursehes 

Expcritrait 11 \ female collie weighing 16 Lg was gi\en 1 95 grams Luminal 

b\ stomach tube Three and one half hours later the dog was read\ for the eipen- 
ment, being relaxed and insensime The nght femoral \em was cannulated for 
seed mjection and the left femoral arter> for securing blood samples The \agus 
nerves ^verc isolated m the neck 

A pneumographic tracing was obtamed the respiratorv rate bemg 24 per 
minute At this time the artenal blood uas 89 0 per cent saturated Radbh 
seeds were then mjccted intra\cnoush the respiratorv rate acceleratirg to 76 
and the saturation of artenal blood fallmg to 62 7 per cent WliGe m thi- state 
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the dog’s vagi were fro7cn w’lth the prompt cessation of tachypnea Respirations 
now became deep and at the rate of 16 per minute In spile of the slow, deep 
breathing the arterial anoxemia progressed, the percentage saturation falling to 
34 9 per cent 

Table 2 presents the data of this experiment and figure 1 shows the 
pneumographic record after anoxemia and tachypnea had progressed 
to still greater degree The tracing shows the effect of alternate 
periods of freezing and thawing the vagus nerves This experiment 
shows that the tachypnea resulting from embolic anoxemia can be 
checked by vagal freezing, and that anoxemia persists in spite of the 
slow, deep breathmg It suggests, therefore, that the anoxemia is 
not the result of rapid breathmg but of some other cause which will be 
discussed later 

TABLE 2 


Experiment 11 Intravenous radish seed injection followed by vagal freezing 


Time 

Ixolal number 
of seeds 

1 

Rcspimtory rate 

Arterial blood 

per minute 

O3 content 

Oi capacity 






rol pef 
cent 

Tol per 
cent 

per cent 

vol per 
cent 

1 18 


24 

18 0 

20 24 


39 6 


227 

76 

13 63 

21 77 

62 7 

37 5 



16 

7 85 

22 49 

1 34 9 

39 9 

mi 


(Vagi frozen) 






In another experiment a rate varying from 6 to 9 breaths per minute 
was mamtamed for twenty minutes after the intravenous mjection of 
244 rape seeds in spite of profound oxygen want as mdicated by 26 4 
per cent oxygen saturation of the arterial blood The vagi were then 
thawed and m the succeeding thirty-seven minutes the respiratory 
rate had accelerated to 76 per imnute 

The fact observed thus far m this work and the conclusions to be 
derived therefrom may be summarized as follows 

1 After a certain critical number of seeds are mjected intravenously 
into dogs there results a marked decrease m percentage saturation 
of arterial blood associated with increase in the repiratory rate 

2 The greater the number of seeds, the more severe the xeaction, 
and the smaller the seeds, the greater the number required to bring 
it about 











CAL BINGER, G R BRO^\ AND A BRANCH 


161 


3 With small seeds (0 1 cm m diameter) as many as 500 have been 
mjected without producmg anoxemia or tachypnea 

4 A pomt IS reached^ however, when anoxemia occurs and there 
IS an assoaated acceleration of respirations These changes tend 
to be progressive WTien anoxemia and tachj^nea are established 
further seed mjection frequently results m the death of the animal 
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Fig 1 Expertmevt 11 Pvecmographic Tractsg of Dog Before axd 
After Seed EiffioiJSii, Sho^^txg Marked Tachypxea 

The letters F and T indicate alternate penods of freezing and thawing of the 
vagi Tune marker mdicates 5 second intervals The pneumograph used was 
made b> Joseph Becker, Department of Pharmacologv , Columbia Universitv 
Medical School, N Y 

These facts all pomt to the physiological changes being due primarily 
to obstruction of the pulmonary" circulation and comade with the 
observations of Haggart and Walker (2) who showed that quantitatrv e 
occlusion of the pulmonarv^ arter> m cats resulted in no significant 
changes in the arculator} system until from 52 to 66 per cent of 
the pulmonary circulation is ^ut off when a sharplv defined pomt 
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of circulatory collapse occurs involving both pulmomary and systemic 
pressures 

5 Administration of Oo to a dog thus rendered anoxeraic and 
tach)^neic, causes a return of the arterial blood to more or less com- 
plete saturation with Oo and reduction in the respiratory rate to a 
normal level On subsequent withdrawal of O 2 , the animal agam 
breathmg room air, tachypnea and anoxemia recur simultaneously 

6 Administration of O 2 prior to and dunng the production of seed 
embolism prevents the occurrence of both anoxemia and tachypnea 
But these occur as soon as O 2 administration is stopped 

These conditions estabhsh clearly the fact that the tachypnea 
resultmg from embolism of the larger branches of the pulmonary 
artery is wholly the result of anoxemia, thereby differentiating it 
from the tachypnea resultmg from embolism of the pulmonary arten- 
oles and capillaries, which was shown in Paper I (1) to be due to 
another cause, though, to be sure, often intensified by the existence 
of anoxemia 

7 Freezing the vagus nerves of a dog which is suffermg from the 
rapid breathmg and anoxemia of seed embohsm immediately slows and 
deepens the respirations, which agam accelerate on thawmg the 
nerves In spite of slow, deep respirations followmg vagal freezmg, 
no amehoration of oxygen unsaturation occurs, which progresses as 
if tachypnea had persisted 

The slowmg from vagal freezmg does not necessarily mdicate the 
blockmg of a penpheral imtative stimulus m the lung, as it was 
shown m Paper I (1) that rapid breathmg resultmg from central 
chemical stimuli could be checked similarly by vagal freezmg The 
general proposition was put forward that an animal without vagal 
control IS unable normally to accelerate his respirations 

The fact that slow, deep breathmg does not amehorate the con- 
dition of anoxemia mdicates that the anoxemia is not the result of 
tachypnea 

It remains for us, therefore, to detennme what is the cause of 
anoxemia followmg multiple emboli of the larger branches of the 
pulmonary artery For this purpose a study of the pathology of the 
“seed” lungs, both gross and nucroscopic, has been made, and an 
attempt, with the aid of numerous injection preparations, to visualize 
the extent and distnbution of the circulatory obstruction 
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The characteristic feature of these lungs which difiFerentiates 
them clearly from the ^^starch” lungs is the absence of generalized 
congestion, edema, exudate and atelectasis, and the presence of areas 
of relative ischemia and emphysema It is probable that m the areas 
m which circulation persisted, a certain degree of vascular distension 
and alveolar atelectasis did exist, though this was not defimte except 
m the limgs of dogs sur\’i\Tag se\eral hours after embolism This 
latter change corresponds to the congestion observ^ed b}^ Underhill 
(3) and by Schlaepfer (4) and also by oursehes m the nght limgs of 
animals, of which the left pulmonar}" artery had been occluded by 
hgation 


PAXHOLOGX 

Twentj'two animals, mjected with diherent Linds of seeds, were autopsied, 
the trachea being clamped and the thorax opened im media tel 3 after death The 
dogs died spontaneous!) , or were bled to death, or killed b) intra\ enous mjection 
of from 10 to 20 cc of a saturated magnesium sulphate solution 

Gross pathology 

Lungs Disregardmg animak which were mjected mtra\enoush with d)es 
before death, notes on the morbid anatom) of the lungs were obtained mil ani- 
mals Free flmd m the pleural ca\'it) was not present m an\ instance In the 
3 animals ■v\hich died withm 2 hours after the first seed mjection, the lungs showed 
h)’postasis m the dependent (dorsal) parts of the caudal lobes, the remamder of 
the lobes bemg salmon pinL, well distended, but coUapsmg readil\ on remo^nug 
the tracheal clamp The) were, m fact, normal m appearance The lung-heart 
ratio m one of these three dogs was 1 11, i e , normal (see Paper I) In the re- 
mainmg 8 dogs m which death occurred from 3^ to 5J hours after the mitial seed 
mjection, h)T>ostasis was more marked than m the previous group The lungs 
m the distended state, before the tracheal clamp was remo\ed, showed pale 
pink areas along the penphcr) which contrasted with the light reddish areas 
about the hilum The lungs collapsed throughout but less so at the penpherv 
than at the hilum After collapse the surfaces near the hilum were of a dark red 
color, the penpher\ remammg pale and emph\ sematous The lung-heart ratio 
m 4 dogs was 1 22, 1 29, 1^ and 1 55, respecti\ el\ , while m the animal which 
b\cd longest (5J hours) it was 2 02 This was the onl\ ratio definitely outside 
the normal range, the mcreased lung weight bemg probabK due to the hypo- 
static congestion In no mstance was edema cyident 

Other organs The nght heart was usually dilated The kidney’s, Iner and 
spleen showed no pathological change:* referable to the seed mjection 
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E\aimnatton of mjccted lungs 

Eight lungs were injected through their pulmonaiy artcncs with barium sul- 
phate gelatine (6 per cent) Examination of the cleared specimens and the 
\-ray stereoscopic photographs show definitely the areas iihere the circulation 
has been blocked (figs 2 and 3) 



Fig 2 Dog 8-2 Rape Seed Embolism Photograph of Surface of 
Injected Lungs Aeter Clearing in Oil of Wintergreen 

Note the numerous blocked areas where the banum sulphate gelatme has not 
penetrated 
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The pulmonan artenal bed of one other lung xvas washed out with salme and 
the lung deh\ drated and cleared in oil of wintergreen In this transparent spea- 
men the seeds ma> be clearh seen The> are widel> distributed but tend to 
line up in rows, one behind the other, in the mam penpheral \ essels The dis- 
tnbution of the seeds maj, however, best be seen in 4 specimens in which the 
pulmonary arter\ was injected with celloidm and the lung tissue digested awa\ 



Fig 3 Dog 9-2 Rape Seed EuBOLiSii X-ra\ Photograph of Lungs 
Intected ^\ith Barium Sulphate Gelative 

Note the numerous uninjcctcd areas These are mo5tl\ at the pcnphcr\ as 
the seeds tend to follow and lodge in the mam artenal trunks, the diameters of 
which gradualK decrease in size 
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wiUi muriatic acid (Hinman, Monson and Lcc-Broun (5)) The seeds adhered 
to the ceiJoidin and remained undigested Their e\act situation could, there- 
fore, be observed 

To obviate Uie artificial conditions of postmortem injections, 3 dogs were 
mfused intravenously during life uith from 65 to 100 cc dialyzed India ink 



Fig 4 Dog 55-2 Pea. Seed Ejiboeism Photograph op Surpace op Long 
After Antemortem Intravenous Injtectton op India Ink 

Note the comparatively small area around the hilum stained black where the 
pulmonar}' circulation vas not obstructed 

(Krogh (6)) Examination of them lungs withm 5 mmutes shoved that large 
parts of the peripheral portions were unstained, in contrast vith the remainder 
of the lungs which were black This corresponded to the picture in postmortem 
injections A. photograph of such an India ink preparation is reproduced in 
figure 4 
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Microscopical pathology 

Lungs Histological examination "svas made m 7 cases In no instance was 
edema or exudate noted The branches of the pulmonar> artery were fre- 
quentl\ completel\ blocked b> the presence of seeds and en^elopmg dots, the 
calibre of the arter> obstructed bemg dependent on the size and number of seeds 
mjected In the 4 instances m which the experiment was conduded withm 2 
hours of seed mjection, it was difficult to distmguish the blocked from the un- 
obstructed \ ascular areas It appeared as if the obstructed areas were relativel> 
ischemic and emph>’sematous and, b> contrast, the \essels of the unobstructed 
areas appeared congested and the alveolar walls partiall} collapsed This con- 
trast was more pronounced m the 3 dogs which survived longer than 2 hours 
The hj-postatic areas were not mduded m the abo^e descnption The mus- 
cular contractions noted m the bronduolar walls of normal and “starch” lungs 
were also obser\ed here 


EMBOLIC ANOXEMLA 

In their monograph Limdsgaard and Van Slyke (7) have made 
a detafled theoretical study of the factors which contribute to the oc- 
currence of cyanosis WTiereas the appearance of clinical cj^’anosis 
should be differentiated from anoxemia as measured by the percent- 
age saturation of the artenal blood, it is nevertheless true that many 
of the same factors are mvolved m the production of both An enum- 
eration and analysis of these will help us to understand the causes 
which give nse to embohc anoxemia 

Of the factors which may be responsible for artenal anoxemia 
the more important are these 

1 Low alveolar oxy gen tension due to (a) diminished atmosphenc 
oxygen pressure, (6) meffiaent \entiIation 

2 Retardation of diffusion of oxygen from aheoh mto blood due 
to presence of edema or exudate 

3 Shunt or passage of a fraction of blood through unaerated 
channels from the \ enous to the artenal s\ stem This may be (a) 
complete, m which no aeration of shunted fraction occurs, or (b) 
partial, m which partial aeration of shunted fraction occurs 

4 Increased reduction of ox}gen dunng flow through the tissue 
capillanes due to (a) greatl} mcreased rate of oxxgen consumption 
b\ the tissues, (6) decreased rate of flow through the tissue capillanes 
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5 A change in the total content of haemoglobin, which if mcrpased 
would tend to decrease the percentage saturation of the blood passing 
through the lungs 

6 A change in the quantitative relation of blood flow to vascular 
diffusion area in the lungs 

An analysis of the r61e played by these vanous factors in the pro- 
duction of cinhohc anoxemia follows 

1 Low alveloar oxygen tensions 

(а) Diminished atmospherie oxygen pressure There can be no 
question of this entering as a cause of the type of anoxemia here 
described as m all the experiments the dogs breathed either room air 
or gas mixtures with a higher partial pressure of oxygen than exists m 
room air 

(б) Inefficient ventilation On page 157 it was shoivn that the 
response of breathmg to seed embolism is characterized by mcreased 
depth as well as accelerated rate Under such circumstances there 
should be no dimmution of the effective ventilation From this 
alone one might conclude that anoxemia was not the result of meffiaent 
ventilation Further evidence for this is furmshed by the vagal 
freezmg procedure m which a 37 per cent mcrease m the depth of 
tidal air did not mcrease the percentage saturation of arterial blood 

In addition to these observations the followmg experiment was 
performed to ehmmate inefficient ventilation as a cause for the anox- 
emia observed 

Experiment 68 A dog was rendered anoxeinic by the intravenous injection 
of 169 rape seeds His respiratory rate, which had been 9, rose to 37 and his 
arterial blood, which had contained 15 54 vol per cent of Oj, now contained 10 27 
vol per cent The resulting decrease in percentage saturation was from 96 00 
to 61 01 per cent, the capaat}"^ having mcreased by only 0 60 vol per cent While 
m this condition, artifiaal ventilation by the mtratracheal msufflation of air at 
the rate of 27 liters a minute was mamtamed for 15 mmutes, when another sample 
of arterial blood was drawn This showed no amelioration of the anoxemia 
The Oj content was 9 99 vol per cent and saturation 59 10 per cent 

This experiment together with the foregomg observations we be- 
heve defimtely rules mefficient ventilation as the cause of embohe 
anoxemia 
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2 Retardaixon of diffusion of oxygen from alveoh into blood due to 
presence of edema or exudate 

The solution of this phase of the problem depended largely upon 
the gross and microscopic patholog}’’ of the embohzed lungs In 
postmortem exanunation of twenty-two dogs rendered anoxemic 
b}’' mtravenous mjection of seeds, none was found m which there was 
free flmd m the pleural ca\aties or gross e\ndence of mterstitial 
edema The cut surfaces of the lungs were not more moist than 
normal, nor did flmd exude from the trachea or bronchi Furthermore, 
the weight ratios of limgs to heart were normal m those dogs m which 
this obser\’'ation was made at autopsy 

In the microsapical examination of the lungs of seven dogs which 
had been rendered anoxermc by mtravenous seed mjection, no evidence 
was found of mtra-alveolar exudate or of change m the appearance of 
the alveolar wall other than a certam degree of emphysema 

An actual measurement of the diflusion constant as has been made m the 
hmnan subject b> Alane Krogh (8) was not possible, as this method requires 
precise cooperation on the part of the subject and is, therefore, not apphcable to 
experimental animals Krogh has shown that the rate of diffusion of a gas through 
the alveolar epithehum depends upon its partial pressure and is (ilrectl^ propor- 
tional to the surface of epithelial tissue and m\ ersel> proportional to its tbi c bn e ss 
or to the thickness of the alveolar wall The surface area of epithelial tissue 
Krogh expressed as the two-thirds power of the mean alveolar lung \olume (usu- 
ally called the mid capaatj) She showed that mcrease of the al\eolar lung 
volume abeve the mean mcreased the diffusion constant, but decrease below the 
mean did not alter it because, she argued, that such a decrease, m the normal 
Iimg, was due to foldmg and wr inklin g of the al\eolar walls which would not 
reduce their surface area This argument was substantiated h\ experimental 
observations 

Though the actual diffusion constant could not be measured m 
these experiments, it was thought desirable to measure the lung 
volume It was believed that Itmg \ olume estimation might furmsh 
at least mdirect e\adence of any changes m the area of ah eolar epithe- 
hum available as a diffusion membrane 

In each of three experiments an increase in lung volume (functional 
residual air) (9) accompamed the anoxemia foUowmg seed embolism 
These changes m lung volume, respirator> rate and percentage 
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saturation of arterial blood are presented in table 3 This augmenta- 
tion of lung volume is consistent with the gross and miscroscopic 
evidence of emphysema It should be compared with the successively 
constant lung volume determinations made on a control dog, and 
the decreasing lung volumes rcsultmg from congestion, edema and 
atelectasis following starch injection (see Paper I of this series) 
In the absence of gross or microscopic evidence of edema or of 
exudative changes, and m the presence of an increase m lung 
volume suggestmg no dimmution in the surface area of alveolar 
epithelium available for the diffusion of gases, it seems reasonable to 

TABLE 3 


The ejfect of seed cmhohsin on lung volume, respiratory rate and artenal O 2 


Expenment 

number 


1 

1 

Time 

1 

Total seeds 
injected 

Functional 
residual air 

Respiratory 
rate per 
minute 

Artenal blood 




Saturation 




liters 1 


ToJ per 
cent 

vot per 
cent 

per cent 

34 j 

r 

1 42 

0 

0 48 

28 

11 17 

15 33 

72 9 

i 

2 39 

1 

155 

0 51 

33 

9 18 

16 IS 

56 8 


f: 

12 44 

0 

0 56 

8 

15 15 

17 02 

89 0 

35 j 


1 41 

50 

0 61 

9 

15 00 

16 80 

89 3 


3 18 

200 

0 70 

27 

12 82 

17 64 

72 7 


\ 

<\ 

4 07 


0 87 


10 39 

19 43 

53 5 

36 1 

f' 

2 30 

0 

0 73 


18 73 

20 77 

90 2 

i 

6 40 

250 

0 78 

1 

wm 

12 49 

18 28 

68 3 


conclude that anoxemia of embohe ongin is not the result of retarda- 
tion of diffusion of oxygen from the alveoli into the blood due to changes 
in permeability of the alveolar walls 

3 Shunt of blood through unaerated channels 

(a) Complete shunt or passage of a fraction of blood throiigh completely 
unaerated channels from the venous te the arterial system As a possible 
cause of embohe anoxemia this may be qmckly disposed of by the 
experiments with mhalation of high concentration of O 2 On page 
158 it was shown that breathmg 90 per cent O 2 raised the saturation 
of the artenal blood from 53 5 to 97 0 per cent This increase in 
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saturation was repeatedly obser\ed Were blood being shunted 
from the \ enous to the artenal system through completely unaerated 
channels, raising the aheolar O 2 tension alone could not thus cause 
the O 2 unsaturation to disappear 

(b) Partial shunt or passage of a fraction of blood through partially 
unaerated channels from the venous to the arterial system That this 
IS not responsible for the occurrence of artenal anoxemia after pul- 
monary embohsm is difficult to establish defimtely There is, how- 
ever, strong persumpti\e e'vndence against it 

1 There is no morphological appearance of partial obhteration 
of ah eolar spaces, nor is there any e^^dence of bronchiolar or atrial 
spasm 

2 There is no decrease but, m fact, an mcrease of lung volume 
after seed embohsm (see table 3) 

3 There was no apparent delay after embohsm m obtaining equiJib- 
num between lung air and the hydrogen-ox} gen mixture contamed 
m the spuometer used for lung volume determinations This suggests 
that the alveolar air was accessible to atmosphenc air and that par- 
tially unaerated portions of the lung did not exist 

4 The fact that artifiaal respiration b} mtratracheal insufflation 
did not reheve the artenal O 2 unsaturation is strong e^'idence against 
the existence of imaerated areas as these would m all probabflity ha^ e 
been \entilated by the method of mtratrachial insufflation 

4 Increased reduction of oxygen during flow through the tissue 

capillaries 

(a) Increased rate of oxygen consumption by the tissues By actual 
measurement of the metabohc rate existmg before and after seed 
embolism it was shown that there was no consistent change m ox\ gen 
consumption by the tissues In one dog 74 55 cc O 2 were consumed 
per minute when the artenal blood was 90 8 per cent saturated, and 
74 40 cc O 2 \\ere consumed when the saturation had fallen to 73 3 
per cent In another dog, a drop in percentage saturation from 82 2 
to 42 5 per cent was accompanied b\ a decrease m O 2 consumption 
from 80 06 to 72 77 cc per minute, and m a third dog a decrease m 
percentage saturation from 97 7 to 59 2 as assoaated with a nse 
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m O3 consumption from 101 53 to 134 33 cc per minute For data 
of these three experiments table 4 should be consulted They indi- 
cate that the type of anoxemia with which we are dealmg is not the 
result of increased tissue metabolism 

(b) Decreased rate of floiv through the tissue capillaries That this 
m itself can be a cause of arterial anoxemia is improbable without 
the concomittant changes m the pulmonary circulation which will be 
discussed under headmg 6 A slowmg of rate of flow through the tissue 
capillanes might result m anoxemia of the capillary blood, but it is 
difliculty to see how it could result m artenal anoxerma A slow 

TABLE 4 


Measuroiicitl of O2 coiisuntplton before and aflcr anoxemia following seed embolism 
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rate of flow through the systemic capillaries, if accompanied by a 
slow rate of flow through the pulmonary capillaries, should enable the 
reduced hemoglobm to be reoxygenated m the lungs 

That there is no such actual decrease in rate of flow through the 
tissue capillanes is suggested by the following facts 

1 No marked decrease m output of the heart per beat or per 
minute was observed after seed embohsm (see below under 6) 

2 No marked fall m systemic blood pressure was observed after 
the production of anoxemia due to seed embohsm as is shown m 
figure 5, the mean arterial pressure before embohsm bemg 81 mm 
Hg and after 79 mm Hg 







CAL BIXGER, G R BROW AXD A BRANCH 


173 


5 A change in the total content of hemoglobin which if increased would 
tend to decrease the percentage saturation of the blood passing 
through the lungs 

That such an increase is not the cause of embohc anoxemia is shown 
by the foUowmg facts 

In 12 dogs m which embohc anoxemia was produced the a\erage 
changes m artenal blood were as follows Before embolism the artenal 
O 2 content was 12 25 \ol per cent as compared with 11 59 vol per 
cent after The 0- capaaty, on the other hand, had mcreased 
\ erj’- shghtly, bemg 18 19 vol per cent before as compared with 18 74 


1 III 



Fig 5 Blood Piuessl~ri: A^^> Pxeumographic Tracts gs Betore am) 
\rTER Tachyrxea Following Seed EiiBOLiSit 

Time marker indicates 5 second mtenals 

vol per cent after embolism This represents an mcrease m hemo- 
globm of only 0 3 per cent vrhereas the decrease in percentage satura- 
tion was from 87 56 to 62 68 or approvimatel} 25 per cent 
A control experiment to check this point was done b}" bleeding a 
9 kg dog 150 cc of artenal blood at the height of embohc anoxemia 
when his blood was 59 10 per cent saturated Xo mcrease m per- 
centage saturation resulted but, in fact, a decrease to 56 20 per cent 
At this pomt m the paper a rdsume of the foregomg argument ma> 
appear desirable It has been showm that multiple experimental 
emboli of the larger branches of the pulmonar} arter} m dogs gi\es 
nse to attoxcnua and thus to iachypnca An effort to explam the cause 
of this anoxemia has shown that it is not related to 
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1 Low alveolar oxygen tension 

2 Retardation of diffusion of oxgyen from alveoli into blood due to 
edema or exudate 

3 Shunt or passage of fraction of blood through either completely 
or partially unaerated channels from the venous to the arterial 
system 

4 Increased reduction of oxygen during flow through the tissue 
oapillanes 

5 Increase in the total content of hemoglobm 

It is believed that embolic anoxemia results from the sixth cause 
enumerated above, namely, a change in the qnantiMvoe relation of 
blood flow to the vascidar diffusion area in the lungs The followmg 
experimental data and discussion will essay to establish this pomt 

It should be stated at the outset that anythmg approachmg a 
quantitative estimation of the size of the capillary diffusion area 
of the lungs has not been possible and we have had to depend upon 
the morphological appearance of injected specimens to give us a 
conception of the extent of obstruction to the pulmonary circulation 
caused by seed embolism Photographs of such specimens are shown 
m figures 2, 3 and 4 There can be no doubt from these specimens 
'that the emboh have set up an effective blockade which prevents 
the passage of blood and thus much dimimshes the vascular diffusion 
area In the specimen shown in figure 4 it may be estimated that 
approximately two thirds of the vascular bed of the lungs has been 
obstructed 

The relation between blood flow and the area of the pulmonary 
vascular bed has been expressed by Stewart (10) m the following 
formula 



where Q = capacity of the pulmonary circulation, 

Q' — average output of the nght ventricle, 
r = the number of beats of the heart per second, and 
T ~ the pulmonary arculation time 
It appears from this that a reduction m Q such as we are here 
dealing with, r and Q' remaimng constant, would result in a diminu- 
tion of T or, in other words, in a more rapid flow of blood through 
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the pulmonary aroilation The possib3ity should be borne in mm d 
that the rate of flow may be so fast that the blood cannot take up its 
usual load of oxygen Indeed from the recent cons derations of L 
J Henderson and his co-workers (11) on the time of the diffusion 
process in the lung this interpretation may be the correct one 

An actual estimation of the changes in or at least of the changes 
m cardiac output per beat, was made m three experiments before 
and after seed embolism by the method of Barcrof t, Boycott, Dunn, and 
Peters (12) In these experiments temporary changes m volume of 
cardiac output and in the volume of blood flowing through the lungs 
occurred after seed embolism which did not persist m spite of the 
persistence of anoxemia It is safe to say, therefore, that such tran- 
sitory changes were not responsible for the occurrence of anoxemia 
In the first experiment of the three, the cardiac output per beat de- 
creased from 11 3 to 9 9 cc before and after seed mjection, respectively 
This amounted to a reduction m blood flow through the lungs per 
mmute from 1 61 to 1 35 hters In the second experiment the changes 
were of a similar order of magmtude Before seed embolism the 
cardiac output per beat was 19 1 cc after 17 0 cc and the blood flow 
per minute through the lungs was 2 73 hters as compared with 2 18 
hters In the third experiment 12 5 cc of blood were bemg deh^ ered 
from the heart before embolism as compared with 11 6 cc after, and 
2 51 hters of blood were flowmg through the limgs per mmute before 
embohsm as compared with 2 32 hters after The data of these three 
expenments are persented m table 5 In each case a shght dimmution 
m cardiac output per beat and m mmute \ olume blood flow through the 
lungs resulted If we pool the data of these three expenments we 
obtam the figures m table 6 

Let us assume that in these three experiments half of the total 
pulmonary \ascular bed has been obstructed by seeds and that 100 
arbitrarily represents the capaaty of the pulmonarj arculation, 
Q, before embolism We have then 


Before errboJtsm CtrcuJatton tirrc 
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3718 


= 269 


After embottsm CirculcUon lire 
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In this table F - where yl - y = the difference in content of 0i between arterial and venous blood m cubic centimeter per 1 cc 

blood O >= the total Oj m cubic centimeter used per nunute, and F = the cubic centimeter of blood flowing through the lungs per mmute 
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This represents a 42 per cent decrease in tune (increased rapidity) 
of blood flow through the pulmonary vessels Such a change alone, 
according to Henderson^s approximations, would be responsible for, 
roughly, a 10 per cent decrease m volume per cent 0* content of 
artenal blood There is, however, another factor involved besides 
mcreased rapidity of blood flow For the argument we ha\e ad- 
vanced assumes that no compensatory dilatation of unobstructed 
vessels has occurred. But our whole knowledge of the beha\aor of 
capiUanes leads us to beheve that this is not the case 
The postmortem findings of Underhill (3) and of Schlaepfer (4) give 
defimte evidence for the occurrence of a compensatory dilatation of 
vessels m the mtact lung after the artery to the other lung has been 
hgated Smce under these conditions there is usually a 40 per cent 
nse m pulmonar}^ blood pressure with no effect on carotid pressure. 


TABLE 6 



Heart nte 
per second 

Cardiicontpat 
per beat 

r Q creardixe 
CFOtijat per 
second 



ec- 

ce- 

Before embolism 


14 3 

37 18 

After embolism j 


12 8 

32 00 


pulse rate, output of the heart or state of its dilatation, Underhill 
concludes that the health}" heart can accommodate itself by sendmg 
the same volume of blood through one lung m a gi\en tune as it 
previously sent through both In our own experiments, which 
were of relatively short duration, difficulty m differentiatmg histo- 
logically the obstructed from the imobstructed areas m umnjected 
specimens made the actual demonstration of such dilated vessels 
somewhat uncertam It is reasonable however, to assume the existence 
of a compensatory dilatation m the imobstructed \essels Though 
m a lung, such as that shown m figure 4, it is scarcely conceivable that 
dilatation could be suffiaent to restore the \ascular bed to its ongmal 
capaaty In such dilated capillanes crowded with corpuscles the 
mward diffusion of Os should be impaued and this should form a con- 
tnbutmg cause to the type of anoxemia with which we are deahng 
here Both these causes, which result m anoxemia, i e , mcreased 
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rate of flow and increased blood bulk in the capillaries, could be 
corrected by raising the alveolar oxygen tension 

It should be stated here that Underhill (3) observed the occurrence of anox- 
emia m the blood of cals after bgating the artery to the left lung Artifiaal 
ventilation did not rebeve this anovemia when the chest was closed Underhill 
made no attempt to explam the cause of the anoxemia, but stated, as we have 
already mentioned, that under these conditions the right lung contained more 
blood than normal With the chest open he fotmd it was possible for the blood 
to be 90 to 95 per cent saturated provided sulHacnt ventilation w ere being given 

% 

CO2 CONTENT or ARTERIAL BLOOD EOLLOVUNG SEED EMBOLISM 

In Spite of the unpaired inward diffusion of oxygen due to the di- 
minution of the vascular area, the carbon dioxide content of the artenal 
blood m these dogs remamed remarkably constant In 10 dogs m 
which seed embolism and the resultmg anoxemia was produced the 
average content in CO 2 of the artenal blood before embohsm was 
44 46 volumes per cent as compared with 4’3 26 volumes per cent 
after embohsm The fact that there was no ‘'pihng up” of CO 2 
m the blood can best be explamed by {a) the existence of hyper- 
ventilation, {b) the greater diffusibihty of CO 2 than O 2 due to its 
greater solubihty coefi&aent A normal or low CO 2 content of artenal 
blood m the presence of anoxerma is commonly seen m patients with 
lobar pneumoma 


DISCUSSION 

As IS suggested by the title of this paper and Paper I two distmct 
causes of rapid breathmg have been encountered {a) resultmg from 
embolism of pulmonary artenoles and capiUanes, (6) resulting from 
embohsm of the larger branches of the pulmonary artery The first 
IS dependent on reflex changes ansmg from structural mochfications 
m the pulmonary parenchyma The nature of these is a generalized 
congestion and edema which produces a reduction m lung volume 
and an impairmeht of the normal elastiaty of the limgs This tends 
to limit the extent of the respiratory excursion and, as we have ex- 
plamed, thereby to quicken respirations The second cause of rapid 
breathmg, with which we have dealt m this paper, is anoxemia which 
results from a reduction in the vascular diffusion area This second 
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type may be a compbcatmg factor of the first To both there are 
analogies Acute and chronic congestion of the lungs, lobar 
pneumonia, pulmonarj'' fibrosis, are chmcal conditions characterized 
by rapid respirations resultmg, we behe\e, m part at least, from 
reflex effects due to the mechanical limitations to inflation and de- 
flation Each of these conditions may be assoaated with anoxemia 
which, if present, will tend to a further acceleration of respiratory 
rate 

The causes of cyanosis and anoxemia as clinically seen have been 
fully discussed by Limdsgaard and Van Slyke (9) That obstruction 
to the pulmonary circulation per se may constitute such a cause 
was not emphasized by them, and yet m such conditions as post- 
operative pulmonary embolism where there is often mtense cyanosis 
accompamed by rapid breathing, which can and should be reheved 
by contmuous oxj^gen therapy, there can be bttle doubt that we are 
deahng with a phenomenon analagous to the one experimentally 
produced m this work To what extent the obhteration of the branches 
of the pulmonary arterj’- which exists m pneumonia is responsible 
for the occurrence of anoxemia and cyanosis, we are not prepared 
to say, but it is probable that it plays a r61e 

STJmLVRX AND CONCLUSIONS 

1 Multiple emboh of the larger branches of the pulmonary arteiy 
experimentally produced m dogs by the mtravenous mjection of 
seeds of various sizes results m tachypnea and anoxemia 

2 The tach)rpnea is due to the anoxemia and can be stopped or 
prevented by oxygen inhalation 

3 The anoxemia has been attnbuted to a change m the quantita- 
tive relation of blood flow to the vascular diffusion area m the lungs 
The nature of this changed relationship is twofold (a) an mcreased 
rate of flow through the capillanes, the flow being so rapid that the 
blood cannot assume its normal load of oxygen, (b) a compensatoiy 
dilation in the capillanes which are crowded with corpuscles m columns 
so thick as to mterfere with the normal mward diffusion of oxygen 
Each of these defects in 0; diffusion can be remedied by raising the 
al\eolar Oi tension 
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4 Changes of tins sort occur m such clinical conditions as lobar 
pneumonia and pulmonary embolism where cyanosis and rapid breath- 
ing are commonly encountered and where oxygen therapy is indicated 
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TRANSIENT AURICULAR FIBRILLATION FOLLOWING 
DIGITALIS THERAPY, WITH OBSERVATIONS 
UPON THE REACTION TO ATROPINE 

3 \ W nJ.TA Af H RESNIK 

{From ihe Cardjographzc Lahoraiory of the Johns Bophtns Hospital and University) 
(Rccmed for publication, August 28, 1924) 

rNTRODXJCnON 

There is some e\adence that the onset of auncular fibrillation in man 
dunng the course of digitahs therapy may be dependent upon the 
administration of this drug There are a few cases m the hterature m 
which this relationship is suggested Mackenzie (1910-1911) was the 
first to describe a case in man m which auncular fibrillation occurred 
dunng the course of digitahs therapy In his patient, auncular fibril- 
lation appeared at the height of the digitalis effect and disappeared 
three days after the drug was discontmued Damelopolu (1916) re- 
ported three cases m which auncular fibrillation appeared foUowmg 
toxic doses of digitalis, but no statement was made as to the disappear- 
ance of auncular fibrillation after the withdrawal of the drug, so that 
the dependence of the irregulanty of rhythm upon the use of digitalis 
IS not clear Reid (1923) reported two cases, m only one, however, did 
the normal rhythm return after the omission of the drug Similar 
cases have been descnbed by Cushny (1911, a, 1911, b), Robinsou 
(1914), Ehumbhaar (1916) and others, but with the possible exceptiou 
of one case mentioned by Cushny, the data presented are either incon- 
clusive or are too meagre for an accurate estimation of the influence of 
digitalis m producmg auncular fibrillation Experimentally, this 
phenomenon has been noted by Cushny (1911, b) 

METHOD OF STUDY 

Dunng the past 5 ear, several cases of auncular fibrillation ha\e 
followed the givmg of digitahs m this hospital In order to m\esti- 
gate certam problems connected with the use of digitalis, a more or less 
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routine plan of procedure was adopted For several days after admis- 
sion the patient was treated by the usual means such as rest m bed, 
restriction of diet and fluid intake except that digitahs was not 
admimstered He was then given the drug in relatively large amounts 
so that he was brought rapidly under the influence of digitahs The 
drug was contmued until a defimte eflect was obtained such as vomit- 
ing, slowing of heart rate, chmcal improvement, electrocardiographic 
changes In a few instances, it became necessary therefore to admmis- 
ter more than the average therapeutic dose of digitahs, but an attempt 
was made by careful chmcal observation and by frequent electrocar- 
diographic records to avoid any serious effects For various reasons, 
the prehminary digitahs-free period was omitted m some patients, m 
a few instances, the condition of the patient was so senous that it was 
thought necessary to give the drug at once The preparation of 
digitalis used was a powdered leaf of high potency, havmg a cat umt 
of 0 065 Clmically, it was found m the study of a fairly large number 
of patients that within moderate hmits, a defimte digitahs effect was 
seen after the use of 0 015 gram (or slightly less) per pound of body 
weight In calculatmg the relation of dosage to weight, figures for 
the latter have been taken after the edema disappeared, or when it 
persisted, an approximate deduction has been made An average 
daily excretion of 0 15 gram was assumed (Pardee, 1919) In all but 
two of the patients formmg the basis of this paper, the reaction ' 
to atropme was studied foUowmg the onset of auncular fibrillation 
Atropme was given either hypodermabcally, mtramuscularly or intra- 
venously, m varying doses, but never less than 2 mgm In all the 
observations upon the effect of atropme electrocardiographic records 
were taken at frequent mtervals over a penod of 60 to 90 mmutes 

Only those cases observed personally by the writer have been 
mduded in this report, and these happened all to be on the wards for 
colored patients 

CLINICAL OBSERVATIONS 

It may be stated at once that all patients described below were 
subjects of an advanced degree of myocardial failure Digitahs was 
discontmued shortly after the discovery of auncular fibnllation, and 
the irregulanty disappeared spontaneously in every instance after the 
drug was withdrawn 



Case 1 was a mrin suffermg from cardiovascular disease andartenalii>’pertension. 
a giving digitalis, lie de\ eloped 2 1 aunoilo-ventncular block which was followed 
iorti> b> the appearance of auncular fibrillatioiu This persisted for six da3r5 
id then disappeared (table l) During the interval m which the aundes were 
inflating, the reaction to atropine was observ ed on two occasions In the first 
jst, the ventncular rate rose from 53 to 70 following the intravenous injection of 
xopine 3 rngm , given m divided doses of 2 and 1 mgm Practicall> identical 
suits were obtained in the second test, in which a single dose of atropine 3 mgnL 
as given (fig 1) During the remainder of his sta> in the hospital the rh 3 ilmi 



Fig 1 Case 1 Secont) Ateopd^e Test 

This chart illustrates the effect of atropme 3 mgm given mtravenousl> on the 
v’entncular rate 

remamed normal On a second admission, three months later, the heart rhvihm 
was found to he normal Agam, after giving digitalis, auncular fibrillaUon 
appeared \ third mjecUon of atropme 3 mgm gi\ en mtrav cnousl> caused the 
rate to rise from 60 to 84 The irregularity persisted for six day's, after which the 
rhythm remamed normal 

Case 2 was a woman with cardiovascular disease and artenal fav'pertcnsion 
Following the first penod of digitalis admmistration, there was marked improv e- 
ment This was temporary , howev er, and she became progressn dy worse untfl 
death occurred \t the end of the second penod oC digitalis administration, 3 2 
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aunculo-ventncular block appeared, and on the following day, 24 hours after the 
last dose of digitalis, the heart block was complete It disappeared on the fol- 
lowing day Dunng the third period of treatment with digitalis, when the pa- 
tient s condition had become senous and the degree of cardiac failure was marked, 
auncular fibrillation developed and persisted for 26 days, disappearing six days 
after strophanthin was discontmucd The effect of the administration of 4 mgm 
of atropme during the period of fibrillation was to mcrcase the ventricular rate 
from 68 to 102 (fig 2) 



This chart shows the effect of the intramuscular injection of atropme 2 mgm , 
followed by a second similar dose, on the ventncular rate 

At the end of the last course of strophanthm admmistration, on the day of her 
death, the normal rhj^hm changed to auncular flutter This took place after 
comparatively small doses of strophanthm, but when the patient’s heart failure 
was extreme The rate of the fluttenng auncle was unusually low, 165 This 
occurred m the presence of a termmal infection, the r61e of which it is impossible 
to estimate in the production of this abnormal rhythm 
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Cases 3, 4, 5 and 6 were men with s3Tpliibtic heart disease. In all, aimcular 
fibrillation appeared very shortl> after the admmistiatioii of efiective doses of 
digitalis Durmg the period of fibrillation, the effect of atropme was observed m 



This chart shows the effect of the h>’podcrmaUc injection of atropine 2 mgm 
One hour and eight minutes after the injection the rh^ thm became normal 

cases 3 and 4 In case 3 atropme 2 mgm given mtra\ enousK caused the ventricu- 
lar rate to nse from 76 to 93 In case 4, following the intramuscular injection of 
atropiEic'2 mgm , the ^ entneuJar rate rose from 7 1 to 107 
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Cases 7 was a woman with syphilitic heart disease, who developed auncular 
fibrillation after the administration of digitalis On the following day, after the 
subcutaneous administration of atropine 2 mgm , the ventncular rate rose from 83 
to 131, and there was a reversion to normal rhythm one hour and eight mmutes 
after the injection of atropine The rhythm remamed normal thereafter (fig 3) 

DISCUSSION 

The following catena are offered as the basis for judging whether a 
causal relationship exists between the onset of auncular fibrillation 
and digitahs therapy 

1 A history must be obtained that previous attacks of auncular 
fibrillation were absent This entenon is admittedly of uncertain 
value In cases m which a clear history can be obtained of former 
transient attacks, there must necessanly be some doubt as to the influ- 
ence of digitahs in the preapitation of the attack inadent to its 
administration 

2 Normal rhythm must be present before digitahs is admimstered 

3 Auricular fibrillation must appear after an effective dose of 
digitalis as judged by the climeal response and electrocardiographic 
evidence 

4 The abnormal rhythm must persist as long as the use of digitahs 
is contmued in doses suffiaently large to compensate for the elimina- 
tion of the drug 

5 Normal rhythm must be reestabhshed after cessation of the use 
of digitalis 

6 The changes in rhythm must be clearly established by electro- 
cardiographic records 

7 Other factors which tend to brmg on transient auncular fibril- 
lation must be e limin ated It is not always possible to be certam that 
such influences are absent, as penods of auncular fibrillation may 
occur without any ascertamable cause 

These catena were met m every instance in the present senes of 
cases Myocardial failure m itself may be responsible for the appear- 
ance of transient auncular fibrillation (Vaquez, 1911), but that this 
factor was not the direct cause of the onset of the irregulanty m the 
cases desenbed above is shown by the fact that m every instance the 
irregulanty either appeared when the patient was improving, or 
disappeared when the chmeal condition was defimtely worse 
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No great emphasis is placed upon the figures for the dose calculated 
according to the body weight or the amounts of digitalis administered, 
for m the one case, there must be inaccuracy dependent upon vana- 
tions m susceptibility to the drug and imcertainty regarding the 
exact weight of the patient, and m the other, the tune of onset of 
fibrillation is unknown and the factor of excretion is vanable The 
ages of the patients varied from 36 to 58 jears The approximate 
amount of the drug ^^acti\e'^ m the patients, that is to say, the total 


TABLE 1 
ClwicaJ Dala 



As« 

Type of heart disease 

Dose 

ofdiptalis 

according 

to 

1 calcolxted 

1 bodr 
! iragnt 

I 

Aiaoant 
of digitalis 
gven when 
: fibriHatjon 

1 was 
[ detected 

1 Tttne in liter last 

} d«c of dtgiuKs 

When 

fibrCutioa 

was 

detected 

1 When 
rrrtrsxjnto 
comal 

took place 

1 



irarrs 




1 

48 

Cardiovascular 

1 9 

1 9 

2 

6 



hypcitensne 





1 




1 9 

Same 

6 

(Second admis- 







sion) 







2 

36 

CardJO\'ascular 

1 8 1 

1 6 

1 

6 



hj’pertensrv e 





3 

38 

Syphflitic 

2 1 

t 

Same 

3 

4 

40 

S>philitic 

1 8 

1 5 

1 

1 2 

5 

58 

Sjphflitic 

1 7 

1 S 

1 

1 2 

6 

38 

Siphflitic 

1 8 

2 2 

^amc 

1 2 

7 

48 

Siphihuc 

1 4 

15 

1 

1 


* Deduction of 0 15 gram per da> for eicrcUon has been made* 
t Kot known Patient rccen cd digitalis before entering the hospital 
} One hour and eight minutes after admnustration of atropine 


amount actually given minus the amount excreted, uas m no mstance 
much ov^er the dose calculated for then body weights For case 3, 
no conclusion is drawn because of the previous use of digi talis The 
abnormal rh> thm was first detected either during the administration 
of (hgitahs, or shortly after the drug was withdrawn for some spcafic 
reason, such as vomiting, slotnng of pulse the presence of premature 
beats Since none of the patients noticed any change in the heart’s 
acbon, and since a varvnng penod of tune elapsed between successive 
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examinations, it is not possible to judge accurately of the exact tune 
of onset of the irregulanty (table 1) Normal rhythm was restored 
within one to six days after the last dose of digitahs 

In no mstance did the onset of auricular fibrillation seem to have an 
appreaable influence upon the patient’s condition These observa- 
tions were made on patients "with severe myocardial insuffiaency 
three died (cases 2, 4, 6), one of these of a termmal infection, one (case 
5) was practically incapaatated at the time of his discharge from the 
hospital Of the three who were moderately improved, one (case 1) 
has returned to the hospital and another (case 7) has died These 
results are given to illustrate the seventy of the degree of heart failure 
m the patients wnth whom we are dealing In five of the seven cases, 
the underlymg basis of the cardiac lesion was syphihs Approximately 
50 per cent of the colored cardiac patients m this hospital have syphi- 
litic heart disease In view of the relatively small number of cases m 
which transient auncular fibrillation occurred, too much emphasis is 
not to be placed on percentage figures It is of some mterest to notice, 
however, that the frequency of transient auncular fibrillation was more 
than twice as great in patients with, than m those without syphihtic 
heart disease, in spite of the fact that ordinarily auncular fibrillation 
is not often assoaated with this type of heart disease In a senes of 
363 cases of auncular fibrillation, syphihtic heart disease was present 
in only 2 per cent (Cohn, 1920) 

Results until airoptne 

It has been shown by Lewis, Drury, Wedd and Ihescu (1921—1922) 
that in man, atropine 3 mgm given intravenously was usually suffi- 
aent to brmg about complete vagal paralysis, that a tnfle more than 1 
mgm given mtravenously produced pronounced vagal release, and 
that 1 to 2 mgm hypodermatically was inadequate to obtam a full 
effect It was shown, moreover, by a study of the reaction to suffi- 
aently large doses of atropme m digitalized patients with auncular 
fibrillation, that the effect of digitahs m this condition is the result of 
both a direct action upon the heart muscle and an action through the 
vagus nerves In those m whom the ventncular release was shght, 
the action was predormnantly muscular, m those m whom a distinct 
nse in ventncular rate occurred, the effect was chiefly vagal These 
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findings were corroborated by the observ’n.tions upon the auncular 
rate, for the fall m auncular rate was approximately parallel to the 
rise in ventncular rate, a findmg which is m conformity with the 
experiments of Lewis, Drury, and Ihescu (1921-1922) 

In the present senes of obser\’-ations, the cases may be divided mto 
three types (table 2) In cases 1 and 3 the nse m ventncular rate 
foUowmg large doses of atropme given mtravenously was shght Con- 
sequently one may conclude that in these patients digitalis produced 
its effect chiefl}’’ by a direct action on the heart muscle In the second 
type, case 7, the response to atropme was greatest, Smce this result 


TABLE 2 

Readton to alroptnt during the period of aitricttJar fhrUlalton 


Case 

Amotmtof 

atropme 

1 Mode of 
injection 

, \entncaLir 
rate before 
atropine 

rentncolar 
rate after 
atropine 

remarks 

■HH 

mtm 






3* 

n 

53 

69 



3 

V 

54 

71 


i 

3 

V 

60 

84 


2 

4t 

Mt 

64hS8 

102 


3 

2 

V 

76-78 

93 


4 

2 

M 

71 

107 


5 






6 





j 

7 

2 

m 

S3 

131 

' Reversion to normal mechanism 1 






j hour 8 mmutCb after atropme 


* Two milligram followed in 15 minutes b> 1 mgim 

t Two milligram followed in 22 minutes b> 2 mgm 

J V «=* mtra\ enousl> M = mtramascularl> H =» h3podexmaticaUy 


took place after a dose of atropme that was distmctl} madequate, the 
assumption is that in this patient digitalis acted chiefly through the 
vagus neiv'es This conclusion is suggested by the fact that m this 
patient reversion to normal mechamsm took place after gning atro- 
pme An experimental basis for this judgment exists (Lewis, Drury 
and Bulger 1921, a) In the third group, cases 4 and 5, the nse m rate 
was moderate, but considerably less than may be obtamed Smce 
the intramuscular mjection is mtermediate m effect between intra- 
venous and hj-podermatic mjection, it ma\ be assumed that m these 
patients, at least the major part of ^agal inhibition was remo\ed 
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Case 2 m whom there occurred symptoms of atropine poisoning, 
such as mild mental confusion lasting a few hours, apparently belongs 
to this group In tlus group, then, the action of digitahs was regarded 
as both muscular and vagal, it is probable that the action on the heart 
muscle was predonunant in case 2 In every mstance the general 
emdences of tlie action of atropm were present Unfortunately, 
counts of the auncular rate are not available, for direct chest leads 
were not utilized in taking the electrocardiograms (Drury and Ihescu, 
1921) Nevertheless, the information derived from a study of the 
ventricular rate is sufBaently defimte to justify the conclusions which 
have been drawn as to the mode in which digitahs acts 

Only one other instance m man has been encountered in the htera- 
ture m which the change from auncular fibrillation to the normal 
mechamsm followed the use of atropine (Henng) Smce m this 
patient fibrillation was paroxysmal m type, it is perhaps not qmte 
justifiable to attnbute to atropine the reversion to normal rhythm and 
this is the case also in the present instance Heitz (1914) gave atro- 
pme 1 5 mgm to several patients with paroxysmal auncular fibrilla- 
tion, but was never able to cut short an attack Atropine was simi- 
larly unsuccessful m Hewlett's case (1910-1911) of paroxysmal auncu- 
lar fibrillation 

Experimentally, it has been shown that the mducbon of auncular 
fibnllation by faradic stimulation is hmdered by the previous use of 
atropine, and that auncular fibnllation previously estabhshed may 
often be termmated at once by an intravenous injection of this drug 
(Winterberg, 1908) These results have recently been confirmed and 
extended by Lewis, Drury and Bulger (1921, a) who showed that the 
mechamsm depended on mcreasmg the duration of the refractory 
penod of heart muscle by removmg vagal tone In case 7 (fig 3) 
m which the reversion to normal rhythm occurred shghtly more than 
an hour after the mjection of atropine, the change took place after the 
height of the atropme effect, as judged by the ventncular rate, had 
been passed It does not necessarily foUow, however, that the atro- 
pme effect m the auricles was dechmng, for curves may be seen (Lewis, 
Drury, Wedd and Ihescu, 1921—1922) m which the auncular effect out- 
lasts the ventncular 
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Comment should be made on the result m the second atropme test 
of case 1 (fig 1) It was concluded from the small maximum nse m 
ventncular rate, that the action of digitalis was almost solely muscular 
Immediately following the mtra\enous mjecUon of atropine, the rate 
rose from 54 to 71 Sixteen nunutes later it fell to 48, and then rose 
agam to 68 It is possible that this drop is merely apparent, and is 
due to the relatii ely short penod of time m which the \ entncular rate 
was coimted, as the electrocardiographic record m this instance repre- 
sented 10 seconds 

There is an altemati\ e explanation, howei er, smce it has been shown 
(Lewis, Drur>, Wedd and Ihescu, 1921-1922) that under certam 
conditions following the injection of strophanthm, which acts almost 
entirely directl}’ upon the muscle of the dog's auncle, atropme may 
mcrease rather than decrease aunculo-\ entncular block and bnng 
about a fall m ventncular rate Somewhat similar reactions to the 
administration of atropme, that is to say a faU occumng shortly 
after the mitial nse, followed by a second mcrease m ventncular rate 
vere seen m the same patient on two other occasions, and also m case 
4 (fig 2) m which instance there can be no question concemmg the 
genumeness of the drop m rate, for it was present m a number of 
successj\ e records 

Mechartsm of production of auricular fibrillation by dtgilahs 

It IS not difficult to reconcile vnth expenmental data the appearance 
of auncular fibrillation m the patient (case 7) m whom digitalis acted 
chiefly, or solely upon the \ agus ner\xs It has been demonstrated 
by a number of observers (McWiUiam, 1887, Cushn> , 1911 , Robinson, 
1913, Lewis, Drur}’' and Bulger, 1921, b, Garre}, 1924) that \agal 
stimulation tends to favor the development of auricular fibrillation 
Occasionally, \agal stimulation alone has served to bring on this 
rh} thm Climcally, the occurrence of parox} sms of auncular fibril- 
lation brought on apparently by pureU emotional causes (Heitz, 1914) 
adds support to the conclusion that m man, under some arcumstances 
at least, strong stimulation of the \ agus nerv es may cause auncular 
fibnQation 

It is more difficult to explain the mechanism whereb} digitalis, b} 
its direct muscular action, causes the onset of auncular fibnllation 
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It was shown by Lews and his co-workers (] 918-1920, 1921) that as a 
result of the strain placed upon the auncle by a rapid rate of beating, 
parbal refractonness and its concomitant depression of conduction 
through the musculature may develop to such an extent that a arcus 
movement, whicli is now known to underhe flutter and fibrillation, 
appears It was further demonstrated (Lewis, Drury and Diescu, 
1921—1922) that the action of strophantlun on the dog’s auncle is 
direct upon the myocardium When, after adnumstration of the 
drug, the auncle is stimulated rapidly, partial refractoriness may 
appear, at the same time, however, the absolute refractory penod 
IS mcreased, an effect which hmders the development of a arcus 
movement (Lews, Drury and Bulger, 1921, a. Lews, Drury, Wedd 
and Ihescu, 1921-1922) On the basis of these experimental observa- 
tions on the action of strophanthin, it is difficult to imderstand how 
digitahs, by its direct action on the myocardium alone, can mduce 
auncular fibnllation 

It seems clear, nevertheless, that m some of our cases auricular 
fibrillation was induced by digitahs acting almost entirely directly on 
the myocardium That is to say, digitahs appeared to bnng on 
this irregulanty, whereas under experimental condibons, the mjection 
of strophantlun tends to have the opposite effect Consequently, 
some other factor must be sought, the action of which favors the onset 
of fibnUation m the digitalized heart It has been pomted out that m 
aU patients m whom the abnormal rhythm developed, there was a 
serious degree of heart failure All the changes leading up to, and 
resultmg from this disturbance are not known At least one, 
anoxemia, we know to be practically constant It was shown by de 
Boer (1921), workmg wth anermc frogs’ hearts, in which nutntional 
disturbances mcludmg anoxemia w ere probably present, that properly 
timed stimuh produced the onset of fibrillation It is conceivable 
that the changes which occur in heart muscle durmg the course of 
heart failure are equivalent to those resulting from the high rate which 
m experiments bnngs on partial refractonness and so m turn auricular 
fibrillation The muscle under these arcumstances may perhaps 
become altered so that the eflect of giving digitahs is to preapitate 
auncular fibrillation imthoiit the presence of a high rate The sug- 
gestion made here is m short that auncular fibnllation may occur under 



WILLLlir H RESNIK 


193 


unusual circumstances {d) as the result of giving digitalis although 
ordinarily this drug mcreases the duration of the refractory penod 
and ib) as the result of a state, such as heart failure, which is regarded 
as equivalent to that m which partial refractormess, when the rate of 
beatmg is high, disposes the muscle to this irregularity Bases for 
considenng both these possibdities exist m the work of Lewis and 
others (Lewis, 1918-1920, 1921, Lewis, Drury and Bulger, 1921, a, 
Lewis, Drury, Wedd and Ihescu, 1921-1922) 

The colored patients who served as the basis of this study were, when 
admitted to the hospital, senously ill with s)q)hihtic heart disease 
It is to the seventy of the degree of myocardial failure as the predis- 
posmg cause rather than to the etiology that the frequency of transi- 
ent auncular fibrillation m patients with syphflitic heart disease m 
this senes is attnbuted 

SUiGIARY AND CONCLUSIONS 

1 A group of seven patients is descnbed m whom the appearance 
of transient auncular fibrillation seems directly related to the admm- 
istration of digitalis The abnormal mechanism appeared durmg or 
shortly after the administration of effective doses of a potent prepara- 
tion of digitalis The rhythm became normal a few days after the 
withdrawal of the drug The presence of fibrillation during the short 
penod of tim e seemed to have no appreaably harmful influence upon 
the patients' course In every instance fibrillation developed m 
patients with severe myocardial failure In five of the seven cases, 
the underlymg etiological factor m the disease of the heart was syp hilis , 
and the relationship between this t3q)e of heart disease and transient 
auncular fibrillation due to digitalis is discussed 

2 In most of the patients the response to atropme was observed 
after the onset of fibrillation It was concluded that auncular fibril- 
lation following digitalis was due m some cases to strong stimulation 
of the vagus nerves, but that m most instances it was due to direct 
acbon upon the heart muscle In one patient there was a reversion 
to normal rhythm foUowmg the use of atropme 

3 hlyocardial failure is an important, probably necessar^^ predis- 
posmg factor m the production of transient auncular fibrillation by 
direct action, and possibly by the vagal action, of digitalis 

TUI JotTKvxL or CUBICAL cmafTicUTiO'^ rou i jro 2 
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THE LEUCOCYTE CUTl\T: AS AN INDEX OF THE INFEC- 
TION IN RHEUALATIC FEIT^Ri 


B\ HOMER F SM'IFT, C PHELIP MH^LER, Jr , a\-d RALPH H BOOTS 
(From the Hospital of The Rockefeller Institute for Medical Research) 

(Received for publication, September 6, 1924) 

INTRODUCTION 

The chrucal picture of rheumatic fe\er is so profoundly altered 
by the suppression of its most charactenstic s>Tnptoms fe^e^ and 
polyarthritis, foUowmg the administration of anti-rheumatic drugs, 
that adequate consideration is too seldom given to the true course 
and duration of the infection as it would proceed umnfluenced by 
anti-s>Tnptomatic medication Any information therefore, which 
supplements the chmeal picture helps towards an understandmg of 
the actual course and duration of the disease This stud\ was under- 
taken with the object of determimng whether the leucoc>’te cur\e 
might furmsh such mformation, as leucoc} tosis is a well established 
sign of the presence of certain mfections 

The older chmcians, who studied rheumatic fe\er before the m- 
troduction of salicjlate therapi, recognized that the disease might 
be self-limited and of short duration or might run a subacute or 
chrome course Fnedlander (1), in a stud> made o\er50 \ear5 ago 
of temperature curves and clmical signs m patients recemng no 
drugs, diiTded the disease mto three Uqies which he called the mono- 
c^xlic, the polyc>"clic and the conUnuous forms A chart summarized 
b} us from his published records (fig 1) illustrates these three tj-pes 

METHODS AND iL4TERI4LS 

Durmg the present im estigation the leucoc> te determinations were 
made at frequent mteiwals o\er a long penod of tune, those made at 
each follow-up exammation ha\e been used in \enf 3 Tng the normal 

* Presented before the Amencan SoaeU forClmicaJ Investigation 5,1924 
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count of each patient The technique was standardized in order to 
reduce the experimental error to a minimum With few exceptions 
the counts were done by the same individual, each patient^'s blood 
was always drawn into the same pre\aously numbered pipette either 
from a linger or the lobe of an ear The blood of patients in the 
hospital was obtained at approximately tlie same time of day, either 
between 11 and 12 in the morning, or 3 and 4 in the afternoon On 



Fig 1 Evolution of the Three Types of RHEUiovTic Feitr Uninfluenced 

BY Drugs (Friedlander) 

In this and subsequent clinical charts 1 day is represented bv a vertical line, 
the upper and lower limits of the temperature lines represent the range of tempera- 
ture for the day Each inflamed joint is represented bv a horizontal Ime, the dura- 
tion of arthritis m a smgle joint by the length of the line, and the seventy bv the 
thickness of the Ime Tu o or more lines occurring at the same level mdicate that 
the jomt was involved more than once 

patients returning for follow-up examination the specimens were col- 
lected after an hour’s rest m bed Dunng the chmcal study of each 
patient careful search was made for the presence of non-rheumatic 
infections m order to eliminate the possibdity of their influencing 
the leucocyte curt'^e 

Altogether the leucocyte curves of 58 patients with active rheumatic 
fever have been studied 39 begun during the years 1922 and 1923, 
and 19 begun dunng the winter and spring of 1923-24 Because of 
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the short time elapsmg smce the onset of the illness of the patients 
seen dnrmg the past year, it has not been possible to determine the 
normal count m most mstances Averages made of two groups 
studied durmg this tune have been compared with a\erages of sim- 
ilar groups followed for 2 }ears Some good illustrati\e cases re- 
cently seen have been selected for the present paper Of the 39 
patients followed for the longer penod, 9 have been eliminated be- 
cause of concormtant comphcations, or nonspecific protem therapy 
which would ha\ e altered the leucocv te picture A group of 2 addi- 
tional patients vnth chorea minor was not considered large enough to 
mcorporate in this report 

The remaining 28 patients followed smce 1922 or 1923 and m- 
duded m this stud} may be di\nded mto three groups 

I Nme patients wTth se\ere polyarthritis who reco\ered vathout 
relapse This group may be called the moiiocychc group 

n Nme patients w'lth se\ere poh arthritis who sufifered one or 
more relapses — the polycyclic group 

m Ten patients, mostly children, m whom the predoimnant 
feature was the cardiac m\ohement, one-half of them had sub- 
cutaneous nodules jNIost of this group belong to the continuous type 
of the disease 

RESULTS 

The exposition of the results obtamed and the comparison of the 
leucoc}te curves m the three groups of cases ma} be facihtated b} 
mtroducmg one or two examples of each group 

Group I Monocvclic type {Jig Z) 

Case No 1 (No 5),“L \ , male, 21 \ ears \dmittcd Januarv 18, 1923, on the 
2nd da\ of his first attack of the disease, with fe\ er, rapid pulse, se\ ere migratorv 
pol} arthritis, a soft blowing apical S}"Stohc murmur and moderate leucocv'tosis 
S\Tnptoms increased until the 6th da\ of illness rapidl% dimmisbed under nco- 
cmchophen and reco\ er> occurred wathout relapse ith the disappearance of 
fc\cr, tach\cardia and arthntis, the Icucoo tc cur\c fell steadilv to normal No 
recurrence of illness followed his discharge February 15, 1923 , and 1 \ ear later the 
cardiac sounds were quite normal 


* No 5 refers to case number in composite chart 3 



200 


LEUCOCYTE CURVE IN RHEUMATIC FEVER 


Ihis case, belonging to the monocyclic type, is typical of all in 
this group 

Figure 3 is a composite chart of the leucocyte curves of the 9 cases 
belonging to Group I Two of the 9 patients did not receive anb- 


Cosc Nal LV 



Fig 2 Case of Monocyclic Rheumatic Polyarthritis 

Here range of pulse for a day is also indicated by limits m pulse line, severe 
arthritis by heavy sohd line, mild arthritis by a dot Conduction time measured 
from electrocardiogram taken on day mdicated The dotted Imes on the right 
side of the chart show that the curves were reconstructed from “follow up” 
examinations 

rheumatic drugs during their attack In this, as m all of the com- 
posite charts, post-operative (post tonsillectomy) counts have been 
ehrmnated 
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A striking smulanty m certain features of all of the cun^es is 
noted There is a rapid and marked drop of leucocjdies to normal, 
or almost normal, foUowmg the institution of anti-rheumatic drug 
therapy and only a shght temporary rise when the drugs were dis- 
contmued This is m marked contrast to the curves of the other 
two'^ groups 



Fig 3 Composite Leucocyte Curves of ^Io\oc\ci.ic RnEUiiAxic 
Polyarthritis 

Each geometric figure represents a single case Outline figures mdicatc patient 
was not under influence of drugs, sohd figures that patient was under drug therapv 

Group II Pohcychc type 

This mcluded 9 adult patients m whom the outstandmg chmeal 
mamfestation was poljarthntis, but m whom there was also cYidence 
of cardiac mvohement, all suffered one or more relapses 

Case No 2 (No 16), B R , female, unmarried, age 17 -Vcimitted March 26, 
1922, on the 14th da> of her first attack of rheumatic fev cr with sev ere, crtcnsiv e 
pol\ arthritis high fever and rapid pulse marl ed prolongation of conduction time 
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Fig 4 Relapsing or Polycyclic Rheumatic Polyarthritis 
Vertical dotted lines m pulse curve indicate paroxysms of trachycardia Verti- 
cal dotted line, April 1, indicates P-R time of 0 42 seconds 
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\fi electrocardiogram, and leucocjLosis Under neoanchophen therap\ all 
^>Tnptom 5 disappeared except leucoc>'tosis After 1 7 daj s of medication the dru^ 
was withdrawn, this was followed promptly b> a relapse in which rapid pulse and 
parox>'sms of tach\cardia, together with poljarthntis, were marked features, 
these s^^nptom5 were relieved with aspmn Tonsillectom> on the 73rd da> of the 
disease The discontmuance of aspirm on the 88th da% was followed b\ rcco\ er> 
without relapse The leucoc> te count became practicall\ normal on the 100th 
da\ Discharged June 23, 1922 Two \ears later there were no ausculatorj 
signs of cardiac disease 

This case illustrates \er} well the prognostic \alue of the leu- 
cocyte count During the 4th week of her disease, while she was 
still recemng neocinchophen, her temperature, pulse, and conduc- 
tion tune were normal, and there was no exndence of arthritis, she 
was gaming weight and feeling well enough to beg to be allowed up 
In fact, the only sign of persisting infection was contmued leucocy- 
tosis That the disease was not jet terminated but onlj rendered 
sjTnptom-free by the anti-rheumatic medication was pro\ed bj the 
relapse which promptlj^ followed discontmuance of the drug 

Case Xo 3, jNI C , female, mamed, age 35 Admitted X’o\ ember I, 1923, on 
the 8th da> of her first attack of rheumatic fe\er with se\ere, extensi\c poKar- 
thntis, fe\ er, rapid pulse, a s^^stohe murmur, and a moderate leucoc\-tQ5is Under 
full therapeutic doses of sodium sabc> late the s\Tnptoras promptlj disappeared 
and the white count fell to 9000 Discontinuance of sodium 5 ahc\ late on the 34th 
daj of disease was followed bj a relapse wnth fe\er and extensive poharthntis 
These sjTuptoms cleared up under treatment with maximal doses of neoanchophen 
On the 43rd da\ the lcucoc> te count fell to 4700, on this da\ the temperature was 
subnormal, rangmg from 98° to 98 7°F (rectal) The white count rose 4 dajs 
later to 11,400 and continued to nsc for another week Tonsillectomv onthe55th 
dav followed bv a Ieucoc>’tosis of 24,000 (recorded b\ dotted line) Neoan- 
chophen discontinued on the 65th daj Stead> improvement occurred and the 
]eucoc> te curv e fell graduallv to normal which was below 8000, no relapses fol- 
lowed Discharged Januarv 10, 1924, on the 79th dav of disease Since that time 
she has been quite well The apical svstolic murmur is stiU present, 6 months 
after discharge 

This patient is an example of the poKcjchc tj-pe where polj ar- 
thritis was the outstanding feature The leucocjte count remained 
above SOOO throughout the penod of sahejiate medication This 
level was not normal for this patient as was proved bv' counts made 
dunng convalescence and at subsequent follow -up examinations 
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That this low-grade leucocytosis indicated a persistence of the rheu- 
matic disease was shown liy the relapse whicli quickly followed the 
discontinuance of anti-rheumatic medication The drug, therefore, 
had not chmmated the infection but had merely held m check its 


C^sc Na3 KC 



Fig 5 Relapsing or Polycyclic Rheumatic Polyarthritis 
Vertical dotted line on W B C indicates post-tonsiIlectomy leucocytosis 

chmcal mamfestations The very low count (4700) which followed 
the admimstration of large doses of neocinchophen (10 to 12 grams a 
day) deserves comment It occurred durmg a short period of sub- 
normal temperature foUowmg a high fever of 104 4°, it is interest- 
ing that it took place in the relapse and not in the imtial attack 



H F SWIFT, C P iUXLER, JR , AXD R H BOOTS 


205 


In several instances a similar temporar}’- fall of the leucocytes be- 
low normal was obser\"ed foUowmg the onset of anti-rheumatic medi- 
cation 

This case is not mcluded m the composite ames because the 
leucocyte cur\e has not been followed for a year 

Figure 6 IS a composite chart of the leucocyte curves of the 9 cases 
m the poljcj^clic poharthntic group In Cases Nos 10 and 11 no 
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The diftcrcncc in response to drug therapy of the leucocyte curves 
of patients in the t\\ o groups is brought out more strikingly in figure 7 
Here a larger number of cases are included in each group, but the 
estimations arc dated from the first day of treatment, and the curves 
are charted for only 35 days The upper and lower limits of each 
group are indicated m the upper part of the chart, and the average 
of each group by the hea\y lines in the lower part It is evident 



Fig 7 Effect of Medication on the Leucocyte Counts in Relapsing 
AND Non-relapsing Types of Rheumatic Fever 

that in this 5 week period the leucocyte curve of those patients who 
did not suffer a relapse was much more rapidly and profoundly in- 
fluenced by drugs than was the curve of those who had relapses 


Group in Conttnuous form 

In this group have been included those patients in whom the 
chmeal mamfestations were chiefly cardiac and those patients who 
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l‘iG S Continuous ou ToixcNcnc Form or UiiruMATic l^nvLU 
C unlUn and sni)rutaiuouM nodules imdominatuiK sMnptoins Solid circles indicate new nodules, ring's indieato 
tint old nodules previously found in same location are still present 
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had subcutaneous rheumatic nodules, with the exception of two 
young adults, all were children 

Case No 4, C S , female, 12 years of age, \\as a patient in this hospital for 4 
months m 1920 with rheumatic fever and has been under observation ever since 
Readmitted December 19, 1923, on the 22nd day of her 3rd attack of rheumatic 
fever vilh pyrexia, mild polyarthritis, tachycardia, prolongation of conduction 
time to 0 24 second, and a leucocytosis of 16,400 Within 2 veeks subcutaneous 
rheumatic nodules began to appear and continued to do so for over 3 months 
Occasional mild arthritis Three courses of sodium salicylate were given, m two 
of which the drug was pushed to 11 grams per day, the limit of tolerance, wth 
little, if any, influence on the leucocyte curve During her stay in the hospital, 
m addition to a fairly contmuous low grade fever for 4 months, there were several 
distinct cycles of higher temperature and more rapid heart action The leucocy- 
tosis persisted until the beginning of the Sth month when the count fell to normal 
for a week and then preceding the last bout of fever had a slow nse to 13,000 
After the temperature had returned to normal the leucocytosis again subsided, but 
the leucocjdes remamed slightly above normal at the time of discharge 

This case illustrates both the contmuous and relapsing nature of 
the disease and the persistence of leucocytosis, as well as the shght, 
or neghgible influence of anti-rheumatic drugs on the leucocytosis 
during the first 4 months An interesting pomt is the transient 
fall of the leucocyte curve to normal m the Sth month, and its sub- 
sequent nse which preceded the last cycle of fever and tachycardia 
In several other patients a relapse was heralded by a similar rise m 
the leucocyte count It shows that one or even two normal counts 
are not conclusive evidence of the termination of infection, but that 
counts must be made frequently enough, and over a sufficient penod 
of time, to set forth the trend of the leucocyte curve 

This case is not mduded in the composite curves because the 
leucocyte coimts have not been followed for an entire year 

Figure 9 IS a composite chart of 10 cases, all had defimte cardiac 
mvolvement, shght or no arthritis, and Nos 24 to 28 had subcu- 
taneous nodules, which are well known mdicators of severe types of 
rheumatic infection In many of these patients it was difficult to 
determine the time of onset of the infection, in two. Nos 22 and 28, 
there was a history of illness of 1 to 3 years, but the curves are charted 
\vith the first week as the beginning of the last excerbation 
Because of the mildness of arthritis one-half of these patients did 
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Ftg 9 CoiiposiTR Lbucoc\tb Cur\'ts or Co^Tl^xoGS or Relapsing Rheu- 
matic Fe\"er, Carditis and Subcutaneous Nodioes Predomin\nt 

Symptoms 



Fic 10 Average Leucocvte Curves of the Three Different Groups 
Followed 1922 to 1924 and of Groups II and in Follovted 1923-*24 
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not receive anti-rlieumatic drugs Among those treated, except No 
25, there was tlie same lack of permanent response as was pre- 
viously noted in Group II In the one fatal case, No 28, leucocytosis 
i\'as always present, temporary improvement during the rmddle third 
of her stay in the hospital was accompanied by a lower level, and the 
final failure was preceded and accompanied by a rise m the curve 

In the upper part of figure 10 is given the average curve of the 
three groups, followed during the years 1922-23-24 and in the lower 
part, for comparison, similar averages of patients in Groups II and 
III first seen m 1923-24 Because of the shorter period of observa- 
tion of these cases it has been impossible to extend the curv^es as far 
as those begun in the earlier years, but they are useful m corroborat- 
ing the first series of observations In Groups I and II of the upper 
curves the ar^erages after the 16th week represent compilations of 
counts made within 2 weeks of these pomts respectively, this was 
necessary because the number counted in any one week in this late 
period was too small for compiling averages 

Several striking features are brought out by these a\'erages First, 
the imtial and almost parallel fall m all five curves up to the 6th to 
8th week The monocychc group then became and remained nor- 
mal Second, the subsequent rise and fall, more or less wave-hke, 
of the other curves Group II of 1922-24 showed a marked fall in 
the 15th week, with a subsequent rise, while the comparable group 
of 1923-24 showed a drop to normal at this tune, whether there 
wall be a later upward trend m this last group cannot now be stated 
The curves of Group III m both years tend to parallel one another 
in a striking manner, and m general indicate that the patients with 
marked clinical evidence of carditis had the most prolonged leuco- 
cytosis 

DIFFERENTIAL FORMULA 

Differential counts were made in 13 patients The leucocytosis 
was shown to be caused chiefly by an increase in the polymorpho- 
nuclear neutrophiles A low grade eosmophiha occurred in only 2 
patients Both had chorea, durmg the course of their disease, 1 m 
qmte severe form In these the eosinophiles varied from 2 5 to 5 7 
per cent and 15 to 4, respectively In passing it should be men- 
tioned that 1 other patient with chorea also had an eosmophiha 
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RELATION OF LEUCOCYTE CUR\’E TO RESIDUAL VAL\’ULAR DISE-VSE 

The leucoc}Te curv^es of these cases ha\e been anahzed with 
reference to the development of chrome \ ahmlar lesions, in an attempt 
to find some factor which would assist in prognosticating this im- 
portant sequel of rheumatic fe\er ^^^llle no correlation has been 
estabhshed between the configuration of the cunes and the sub- 
sequent cMdence of residual val\Tilar disease, the mterestmg fact w as 
brought to hght that at the end of 1^ to 2 \ear5 cardiac murmurs 
were audible m only one third of the patients having monocAxhc 
cur\^es, m two thirds of those with polyc} chc pol} arthritis and in all 
f rillin g m Group HI It must be mentioned that murmurs were 
present m all of the patients durmg their sta} in the hospital Of the 
6 patients m the monoc} die group in whom the murmurs disappeared 
2 each had had two pre\Tous attacks of rheumatic fe^er the rest 
were sufiermg from their first attack In the pol> c\ die pol} arthntis 
group 1 of the 3 patients m whom the murmurs disappeared had had 
one attack, the other two had not had previous attacks The differ- 
ences between the groups with respect to residual heart murmurs 
mdicate that m the cases studied the madence of \ ahailar disease was 
much higher m the case which ran a chrome course with a consequent 
prolonged penod of leucocwTosis 

DISCUSSION 

WTnle it is well known that leucoc}"tosis is a feature of the earl} 
stages of rheumatic fe^e^, and casual observations mdicate that there 
IS usuall} a drop m the curve when fe\er diminishes either sponta- 
neously or as a result of antip}Fetic drugs, except for the report of a 
few patients b} Takeno (2) and a still more complete study b} 
Korowicki (3), we have been unable to find an} studies in which 
the leucoc}"te curve has been used as an index of se\ent} or per- 
sistence of infection m this disease In comparmg the chmeal s}inp- 
toms and leucoc} te curv es in a fairly large senes of patients w e ha\ e 
found that m the majont} of instances these curv es ha\ e considerable 
\ alue It is true that the} ha\ e no greater absolute \ alue than an} 
other sign m chmeal mediane, and that the} are of most use v hen 
taken together with other features of the disease But, m general 
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It may be stated tliat in the absence of e\ndences of concomitant non- 
rheumatic infection, a persisting Icucocytosis sigmfied persistence of 
rlieumatic infection, and conversely that repeated normal counts 
indicated that the attack was drawing to a close The latter state- 
ment was invariably true if the patient was free from the influence of 
medication In other words, the administration of anti-rheumatic 
drugs— sodium sahejdate, aspirin, neocinchophen and the ethyl ester 
of phenylcmchomc acid, all of which acted in essentially the same 
manner — was often accompanied by a fall in the leucocyte curve, 
sometimes to normal But whenever the discontinuance of the drug 
was followed by a count steadily rising to 4000 or more above the 
previous level a relapse ensued, proving that the rheumatic infec- 
tion was not yet terminated And, conversely, when the leucocyte 
curve remained normal after the discontinuance of the drug, or rose 
for a few days and then fell again to normal, no relapse occurred and 
the patient went on to recovery ’ 

This apparent depression of leucocytosis by drug therapy is of 
considerable interest By following through the course of individual 
cunms on the composite charts it iviU be seen that it occurred m a 
number of mstances When the infection was still active, however, 
the depression to normal was rarely complete, that is to say, the 
count rarely fell to normal dunng medication in those patients with 
the relapsmg type of the disease, and when it did it rose agam after 
the drug was withdrawn In this group of patients, moreover, there 
was frequently a rise in the leucocyte curve even while the individual 
was under the influence of drugs The mechamsm of drug depression 
of leucocytosis is not understood It may be either a direct effect of 
the drug on the hematopoietic system, or a result of the suppression 
of the exudative inflammatory phenomena, eg, of the arthritis, 
which is stimulatmg leucocytosis In this connection it is interest- 
mg to note that the fall m leucocytes induced by drugs was greater 
and more rapid in patients with extensive polyarthritis than in those 
m whom the chief feature was carditis or carditis and subcutaneous 

^ We have recently seen a patient who during the Sth month of his disease had 
a count rangmg between 7500 and 8500 Persistence of low grade infection, how- 
ever, was indicated by a daily temperature of i00°F and the appearance of a new 
crop of subcutaneous nodules 
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nodules As already mentioiied in anotiier place (Swift, 4) we may 
consider that against the infectious agent of rheumatic fever there 
are two types of tissue response exudative and prohferative The 
exudative, of which leucocytosis may be considered an example, is 
much more subject to the influence of the anti-rheumatic drugs than 
are the prohferative types, such as subcutaneous nodules 
Another noteworthy pomt is that the leucocyte curves of patients 
with subcutaneous nodules, rheumatic carditis, or the subacute re- 
lapsmg type of polyarthntis was more markedly affected hy drugs 
late m the disease than m the earher months In other words, 
when the patient had developed a considerable degree of resistance 
against the infection this was, to a certam extent, made manifest by 
a depression of leucocytes foUowmg the exhibition of drugs which 
earher m the disease had httle effect on the curve The curves m 
subacute and chrome cases late m the disease, even though above 
normal, usually were on a lower level than early This lower trend 
probably indicates the development of some degree of immumty 
In considenng, therefore, the relation of the leucocj’te cun^’e to the 
type of disease and to treatment, the penod of infection, as well as 
the type of tissue response shown by the patient must be taken mto 
accounL 

The prognostic value of the leucocyte curve m respect to the de- 
velopment of chrome cardiac valvular disease has already been men- 
tioned It would not be rational to suppose that some one tissue 
would enjoy speaal favor m relation to prognosis It is probable 
that, as a rule, several tissues or organs are affected by the 
of rheumatic fever When the infection is severe or prolonged the 
endocardium is usually affected, when the infection is hght or the 
body resistance is very good the heart usually escapes permanent 
mjury In so far as the leucocy^te curves are of help m pomting out 
the degree of seventy or of persistence of infection, they are of value 
m prognosis concermng the cardiac condition 

A question naturally arises as to what should be considered the 
normal white blood count We feel that 8000 to 9000 should be 
considered the upper limit of normal, because a fair sized senes of 
non-rheumatic controls, and also several former patients who had 
completely recovered from their infection, had repeated counts below 
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this level Several “follow up” patients during the past winter 
whose leucocyte curves had remained consistently between 10,000 
and 12,000, in spite of absence of other symptoms, have suffered 
from new attacks of rheumatic fever It is highly probable that 
these attacks were due to recrudescence of latent or almost dormant 
infections If similar experiences are repeated in a larger group, it 
IS possible that the leucocyte curve may be found one of the most 
important gmdes to the type of treatment i e , rest or exerdse, of 
a given mdividual 

The differential formula has not proven to have any prognostic 
value Only in patients with chorea or with erythema multiforme 
have we foimd an eosinophiha, similar findings in chorea are fully 
reviewed by Berger (5) We have been unable m other forms of 
rheumatic fever to confirm the possibihty suggested by Edinkert (6) 
that an mcrease m eosmoplules m many infections might be an in- 
dication of a tendency towards recovery In a large group of pa- 
tients, therefore, we feel that time would be more profitably spent 
in making total leucocyte estimations each week than m makmg 
complete differential counts at longer mtervals 

As rheumatic fever is considered by most observers to be usually 
a self-limited disease, and as the time of hmitation as well as the 
amount of permanent damage suffered by the patient is probably 
dependent to a certam degree upon the type of treatment, it is im- 
portant to have available every source of information as to the course 
of the disease And the leucocyte curve is one of value, for it does 
not require elaborate equipment or great expenditure of time Curves 
constructed from counts made at regular mtervals and under con- 
stant conditions are of much greater value than occasional counts 
made at irregular periods 


CONCLUSIONS 

1 Leucocytosis is a concomitant of rheumatic fever 

2 From leucocyte counts made at frequent mtervals and under 
constant conditions curves can be constructed which give an ap- 
proximate idea of the seventy and duration of the infection 

3 Patients m whom there are predommant exudative phenomena 
such as polyarthritis, pleunsy or pericarditis, together with high 
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fever, usually have more marked leucocytosis than those in whom the 
tissue reaction is chiefly proliferative such as is seen m myocarditis, 
endocarditis, or subcutaneous nodules 

4 A high leucocyte curve is often depressed when the patient is 
under the influence of anti-rheumatic drugs Under such conditions 
if the infection is mild and of short duration the curve approxunates 
normal and remains there, if, on the other hand, the infection is 
persistmg the curve either remams constantly above normal, or 
tends to nse with the discontmuance of drug therapy 

5 Relapses are usually heralded by a nse m the leucocyte curve 
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THE ACTION OF PITUITARY EXTRACT ON THE HEART 
OF THE UNANESTHETIZED DOG 

B\ WTLLUM H RESMK and E M K GEILIN'G 

(From the Cardiogra phic Laboratory of the Johns Hopkins Hospital and from the Departn ent 
of PJiarmacoIog\ of the Johns Hopkins Unrersily) 

(Reccncd for publication October 22, 1924) 

IXrRODUCTIOX 

Although the efitect of the e\tract of the postenor lobe of the pitui- 
tar}' gland upon the mammahan heart has been studied by a number of 
m\ estigators, the results ha\ e not been unilonn In the first study 
of the action of pituitar}^ extracts, Oliver and Schafer (1S95) found 
that with the \ agi intact no inhibition of the heart took place, but 
that with the vagi cut there was a shght diminution in heart rate 
Howell (1898) obtamed a definite slovnngvuth the \agi mtact WTien 
the vagi were cut or under the influence of atropme, a slowmg of 
cardiac rate of lesser degree was observed, and he attnbuted the ac- 
tion of the drug to an mfluence not onl} on the cardio-mhibitor} center 
but also to an effect on the heart muscle or the intnnsic nervous 
raechamsm Von Cyon (1898) obtained similar results Hedbom 
(1898), Cleghom (1899), and Dale (1909), using isolated mammahan 
heart preparations, found that the rate was lov ered under the influ- 
ence of pituitary extracts, indicating that the action was m part at 
least direct on the m 3 ’'Ocardium Schafer and Vincent (1900) ob- 
serv’^ed but httle slovnng of the rate vhen the \agi vere parahzed by 
atropme, and occasional!} no fall in rate e\en with the \agi mtact 
They concluded, howe\er, on the basis of the experiments of Houell 
and of Cleghom, that in addition to the \agal action, there must be 
a direct effect on the cardiac muscle Garmer and Thaon (1906) 
ascribed the action vholl} to an influence through the \agi, for no 
slovnng occurred after these nerves vere sectioned AAiggers (1911) 
obtamed slomng upon perfusion of the drug through the isolated 
heart, vhilc with the heart in situ, a \anet} of results was seen In 
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some instances no slowing took place, in others the slowing was im- 
mediate, while in other cases the slowing was gradual in its onset 
As a result of his experiments he formulated the h}qiothesis that the 
early efiect was due to stimulation of the cardio-inhibitory center, 
and the late slowing was due to a direct action on the heart “Either, 
both, or neither of these actions may follow the injection of pitui- 
tary extract, the factors determining the reaction bemg unknown ” 
Claude, Porak and Routier (1913) studied the effect of pituitary ex- 
tracts on the heart of the rabbit utilizing the electrocardiograph 
Following administration of the drug, conduction defects and slow- 
ing of the heart were seen, with or without section of the vagi Hecht 
and Nadel (1913) also used the electrocardiograph and found evidences 
of a direct action on the heart of unanesthetized animals However 
they attributed the slowing chiefly to vagal action Houssay (1918) 
as a result of his own and a study of previous experiments, concluded 
that the effect was in part vagal and m part direct on the myocardium 
It will be seen that although a number of the reports are contra- 
dictory, the weight of evidence favors the view that extracts of the 
pituitary affect the heart not only through stimulation of the cardio- 
inhibitory center, but also through a direct action on the cardiac 
muscle 


METHODS 

We have performed a number of experiments upon three unanesthetized dogs 
which had been tramed to submit to procedures such as we emplo 3 ^ed We wish 
to emphasize the absence of anesthesia m these experiments Differences 
between the response of anesthetized and unanesthetized animals to drugs have 
been observed previously by KoUs and Geilmg (1924), and we feel that the con- 
stancy of the results which we have obtained is in large measure due to the use 
of unanesthetized animals Precautions were taken to avoid factors which 
might disturb the animals Thej'’ were handled by the same attendants, and 
the surroundings were kept as quiet and uniform as possible The animals 
were rested until fairly constant heart rates were obtamed before the experi- 
ments were started ^ The drugs were mjected mto a vein of the foreleg, each 

‘ The restmg rates vaned on different occasions from 76 to 130 We have 
learned from Prof E K Marshall, Jr , that with prolonged rest rates of ap- 
proximately 60 may be obtamed We do not believe, however, that our results 
are significantly affected bv our failure to secure truly basal rates Before atro- 
pine, the slow mg followmg the injection of pituitarj" extract nould have been 
less striking, vhile after atropine, the results would have been unchanged 
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administration lasting five to ten seconds The extract of the postenor lobe of 
the pitiiitar> (Armour’s Pituitarv Liqmd) was gi\en m 1 ca doses (except m 
three experiments m which 0 1 and 0 2 cc were gi\ en) Atropme was gr\ en in 
doses of 1 mgm repeated at about 15 nunute mtervals, and m some experiments 
m sm^e doses of 5 or 6 mg The effects were recorded with the electrocardio- 
graph, lead m bemg used Records were taken at mter\ aL of about 15 to 30 
seconds m the early penods of the experiments, and at 2 to 5 nunute mtervals 
later In some instances, continuous records were taken dunng the first few 
mmutes foUowmg the mjection of the pitintar>^ extract Onl} one observation 
a da% was made on anv mdmdual animal The heart rates were calculated on 
the basis of counts made of six second penods from the electrocardiographic 
cur\es (occasionall\ three second penods when rapid changes were takmg place), 
so that shght changes are somewhat exaggerated The error m the counts is 
probabI> not more than ±2 per nunute The P-R mtervals were occasionally 
difficult to measure accurately on account of the form of the curves At times 
the onset of the P wa\ e Wcis not sharp, while m other records the P was fused 
with the precedmg T or R wa\ es 

EXPERTMEyiAE 

Prelnmnary experiments ijith atropine SeAeral observations were 
made upon the effect of atropme alone WTien gi\ en mtravenousl}" m 
doses of 1 to 5 mg , the maximum vagal release was obtamed within 45 
seconds to one minute One milhgram was often as effecti\ e as 5 mg 
m procurmg a complete \ agal paraly sis, as judged by the failure to 
secure a further effect with subsequent mjections of the drug m the 
few mstances m which this was done Our animals G1 , G2 , G3 , weighed 
11, 14 5, 9 kilos respectnely , so that 1 mg amounted to 0 09, 0 06, 
and 0 11 mg per kilo Lewis, Drury , Wedd and Diescu (1921-1922) 
found that 0 05 to 0 1 mg of atropine per kilo of body weight were 
necessary’' for the complete abolition of \ agal tone in anesthetized dogs 
However, since the rate tended to be a bttle higher after 5 or 6 mg 
doses than after 1 mg doses even when this dose amounted to 0 11 
mg per kilo, it is probable that 1 mg brought about, in some mstances 
a V agal paraly sis almost but not entirely complete, and it is further 
likely that larger doses than those given by Lewus, Drury, Wedd and 
Iliescu are frequently necessary to procure complete removal of vagal 
tone in unancsthetized animals 

The full effect of 5 mg was usually mam tamed for about 7 to 10 
minutes, after which there was a gradual fall in rate At the end 
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of 35 to 40 minutes the rate was about 10 to 15 per cent lower than 
the maximum rate reached When 1 mg was used, the fall usually 
began within 3 to 5 minutes after the highest rate was reached, and 
at the end of 15 minutes the drop was definite Table 1 illustrates a 
more or less tj^pical result 

As repeated doses of 1 mg were given, the rate usually rose to that 
obtained originally, but vagal tone was regained more rapidly The 
maximum rate varied considerably m the same animal on different 


TABLE 1 

The cjjcci of repeated doses of I vig afropnic 
G 2 Resting rate 80 


Atropine 

Time 

Rate 

fng 

ftnutties 


1 

1 

224 


6 

208 


15 

184 

1* 

1 

21S 


4 

206 


14 

ISO 

1* 

1 

208 


4 

192 


14 

196 

1* 

1 

222 


3 

206 


5 

194 


* These administrations of atropine ^ ere gn cn immediateh after the last count given 
above 


days, thus in one dog, G2, the rates obtained on different days with 
1 mg were 204, 224, 232, 243 It is possible that 1 mg did not al- 
ways cause a complete paralysis of vagal inhibition m this amnial, 
for the test of the effect of the further administration of atropine was 
made on only a few occasions That an actual variation may exist, 
however, is shown by the fact that the injection of 4 mg shortly 
after the first dose of 1 mg failed to increase the rate above 232, al- 
though this was lower than the peak reached on another occasion, 
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243 ?^Ioreo\ er, at another tune, the maximum rate after 5 mg was 
217 ‘ 

Following an mjection of atropme, changes m the form of the electro- 
cardiogram were constantly present to a greater or lesser degree 
The R wave w as lowered, the S wave deepened, and the amphtude of 
T was mcreased (figs 1 and 2) 



Fig 1 The Normal EtECTROCARDiOGRAii or the Resting Dog (Gl) 
Standardization in all records 1 rmlln olt — 1 on Time lines = 0 04 seconds 



Fig 2 Electrocardiogram Taken SHORrL\ aetep the Adjuntstration 
or 1 MGii ATROPcm (Gl) 

The normal record of this animal (G3) is similar to that of figure 1 


The effect of pituitary extract in animal s before atropine 

In three expenments 1 cc pituitaiy extract was gi\en and the re- 
sults were essentially similar in each instance (table 1) Se\en to 

* It IS not likch that \anations m the potcnc\ of the drug v ere responsible for 
thcjjc discrepancies, for the atropmc solution^ vcrc aliva\:, made from tablets 
taken from the same bottle throughout the entire scnc& of cn>cruncnt$ 
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ten seconds after the start of the injection Uicre was a sharp nse in 
rate, lasting 7 to 12 seconds This nse was associated unth a disap- 
pearance of the respiratory arrythmia commonly seen m dogs, and 
a decrease in the P-R interval That this effect was not psychic and 
merely incidental to the insertion of the needle was proven by the 
fact that the injection of normal saline made in a similar manner on 
a number of occasions did not produce the slightest change in the rate 
A similar but less marked early acceleration of rate was occasionally 
seen by Wiggers (1906) Following the increase, the rate slowed 
rapidly and within 1 to 2 minutes ivas considerably below the 
original resting rate In one dog, G3, follomng the first fall 
m rate, there ivas a secondary nse of moderate degree and 
short duration, vutli a rapid return to the low rate Dunng the 
penod of slownng, the beats tended to be grouped in twos, ivith an 
occasional smgle beat between This groupmg has been described 
previously by von Cyon (1898) and Gamier and Thaon (1906) 
The electrocardiographic curves resemble those of a rather marked 
degree of so-called sino-auricular block (fig 3) With the onset of the 
retardation of rate, the P-R interval increased, and the conduction 
defect was always exaggerated in the second of the paired beats 
Withm 15 to 30 minutes after the injection, the heart rate gradually 
rose and the P-R mterval diminished The mcrease in aunculo- 
ventncular conduction time tended to outlast the disturbance m 
stimulus formation (or in intra-auncular conduction, if the view is 
accepted that an actual block exists between the smo-auncular node 
and the auricle) Upon recovery, there was no sharp transition be- 
tween the stages of smo-auncular block and the usual smus arrhy- 
thmia, and the gradual merging of the one mto the other suggests an 
mtimate relationship between the two Excepting the change in 
rhythm, the most striking alteration in the electrocardiogram was 
a marked mcrease m the amplitude of the T wave which occurred in 
all three experiments about 15 seconds after the injection of the pitui- 
tary extract In two dogs, G1 and G2, the amplitude dimmished 
rapidly after 30 to 45 seconds, while m the third animal the T wave 
became lower, although it was rather high throughout the experiment 
Table 2 gives bnefly the results obtained m these expenments 
In figure 4, the experiment of G1 is charted graphically 





TABLE 2 

Effect of the intravenous injection of I cc pilmiary extract on the heart before atropine 
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In three experiments (table 3), small amounts of pituitarj’ extract 
were mjected, and m these observations records were taken dunng 
only a short time, as the effect upon the penod of acceleration was 
sought The results w ere similar to those obtamed with the larger 
dose except that they were not so marked In the two experiments m 
which only 0 1 cc was gi\ en, no rise m rate was seen In one experi- 
ment, G2, m which 0 1 cc was administered, the electrocardio- 


Aftmr M nutc-S 



Fig 4 The Effect or the Intravenous Injectiox or 1 cc. Pituttarx 
Extract Before \tropixe (low*er cup\'e) and attep 
\tropixe (upper curve) Dog (G1) 

The shaded area in the upper cuia e represents aunculo 'v entncular block, 
the top hne of this area giving the aunoilar and the bottom line the % entncular 
rates The upper cur\e represents one of the fev’ instances m which the pnman 
nse was absent 

graphic curve taken soon after the injection showed aunculo-\ entncu- 
lar dissociation wnth an auncular rate of 38 and a \ entncular rate of 39, 
the idio\ entncular rh} thm ansing in thenght bundle of the \ entncular 
conduction s} stem (fig 5) \ similar phenomenon, i e the dislocation 
of the pacemaker to one of the bundle branches, was seen b\ Grceneand 
Gilbert (1922) m one of their experiments upon the influence of anoxemia 
on dogs The\ attnbuted the disturbance in the cardiac mechanism to 




Fig S Electrocamiograms Taken 1 Minute and 15 Seconds apxer 
THE Injection of 0 1 cc Pituitary Extract before 
Atropine (G2) 

The curve demonstrates the development of aunculo-ventncular dissoaation 
The three curves are continuous In the upper record, the first ventncular com- 
plex (Rl) follou s an auncular impulse and has the normal supraventncular form 
The second ventricular complex (R2) is idioventncular in ongm, ansing in the 
nght bundle branch In the middle record, two more ventncular beats of 
the same type arc seen (R3 and R4) In the louer record, the first ventncular 
complex (R5) responds to an auncular impulse and it has the normal form The 
next ventncular beat (R6) however, again anses in the nght bundle branch 
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vagal stamtilation, and this explanation probably holds in the in- 
stance here descnbed The striking increase in the amphtude of 
the T wa\ e was absent in these experiments In table 3 are gl^ en 
briefly the results of this group of ob5er\ ations 

The effect of pituitary extract in amvials after atropine 

In SIX experiments, 1 cc pituitar}^ extract was injected withm 3 
to 5 minutes after the administration of atropme, which m three ex- 
periments was given in smgle doses of 5 mg , and m three other ex- 
periments m doses of 1 mg repeated at about 15 mmute mteivals 
(table 4) This latter method was employ ed m order to permit longer 
observations, as the ammals tended to become restless after the 
larger amount of atropme Yer^^ soon after the pituitaiy' extract was 
gi\ en, there was a shght nse m rate which was followed rapidly by 
a rather marked fall of bnef duration This was succeeded by a 
conspicuous nse m rate which gradually and progressn el} fell until 
the close of the experiment To facilitate the discussion of these re- 
actions, we shall term them pnmar}^ nse, pnmar}' fall, secondary 
nse and secondary^ fall respecti\el} In figure 4 is charted an ex- 
periment on G1 In figure 6 is shown the t}*pical course of a longer 
experiment (G2) 

The primary rise In three of the experiments (3, 5, 6, table 4), 
followmg the mjection of pituitaiy extract, the rate accelerated to 
a le\ el abo\ e that obtamed after atropme alone The mcrease v as 
slight but defimte In a fourth experiment (4, table 4), the rate had 
fallen rather rapidly after atropme before pituitary extract was gi\ en, 
and although it rose agam with the admimstration of this drug, the 
level reached v as below that secured with atropine alone In two 
(1, 2, table 4), no change was noted The conduction tune remained 
the same, or mcreased shghtl} When the nse occurred, it began 
9 to 18 seconds after the mjection and persisted for 8 to approxrmateK 
60 seconds 

In all these observations, a suffiaent amount of tune had elapsed 
between the mjections of atropme and pituitarv extract for the res- 
toration of a certain amount of \ agal tone Three further experiments 
were done to eliminate an} possible effect which c\en a shght degree 
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of vagal influence might have (table 5) Si\ milligrams of atropine 
were given, and one minute later, at the height of the effect, 1 cc pitui- 
tary extract was injected Continuous records were taken m order 



Fig 6 The Eitect or the Intravenous Injection of 1 cc Pituitary 
Extract after Atropine (G2) 

It demonstrates the successive stages in the tj^iical reaction the primary 
rise, the primary fall, the secondary rise and the secondary fall The dmunish- 
ing effect of atropme during the secondary fall is well shown 

that no change be overlooked In all three, the results were stnkingly 
constant Eight to nin e seconds after the injection, the heart rate 
increased, and this acceleration lasted 9 seconds m two animals and 
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18 seconds in llic third Tlic increased rate was now associated 
with a slight decrease in conduction time Brief protocols of these 
three experiments arc given in table 5 

In all experiments, there was observed the same conspicuous in- 
crease in the amplitude of the T wave seen previously in the animals 
before atropine, and the change took place almost constantly at the 
same time, about 15 seconds after the injection of pituitary (fig 7) 
The ax'^erage duration of this alteration v as about 10 seconds 

The primary fall Following the short initial nse, and in most cases 
about 20 seconds after the pituitary extract was given, the heart rate 
began to fall rather rapidly, reachmg a minimum in about two mm- 
utes, sometimes earlier The lowering was considerable, varjnng from 



Fig 7 Electrocardiograji Taken 15 Seconds aeter the Injection 
OF 1 cc Pituitary Extract after Atropine (G1) 

Note the increasing amplitude of the T wave 

54 to 124 beats per minute (tables 4 and 5) At this time there was 
a tendency for the conduction time to increase, and in some experi- 
ments the increase was marked, but m others the change was not 
stnkmg 

The secondary rise This took place rapidly after the lowest rate 
was reached, and within 1 to 2 mmutes the heart rate rose to a level 
equal to, and usually well abox'^e the maximum following atropine 
alone (tables 4 and 5) This marked acceleration is the more note- 
worthy in that it occurred when some, and often an appreciable amount 
of vagal tone had been regained In all but two of the experiments, 
the conduction tune was distmctly increased, and in four tlie con- 
duction defect was sufficient to cause the droppmg out of numerous 
ventncular beats Erlanger and Hirschfelder (1905) and Lewis and 
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Oppenheimer (1910-11) have shown that an increase in rate exag- 
gerates depression of conduction, which in these experiments was 
becoming apparent m the penod of pmnary fall 
The secoTidary fall With the progress of the experiment, the heart 
rate gradually became slower This change is well illustrated by 
figure 6 which shows the progressively diminishing effect of atropme 
m bnngmg about an mcrease m rate (see also table 4) With the lower- 
mg of rate the conduction tune diminished, returning to normal in 
some cases, and remaimng somewhat prolonged m others The ex- 
periments were not contmued for a suffiaent length of time to deter- 
mme the duration or extent of the fall m heart rate which might have 
taken place 


nisctJssroN’ 

The viode of action of ptiutiary extract upon the heart 

It IS clear that the action of pitmtary extract upon the heart is 
at least twofold first, there is a direct action upon the myocardium 
which IS shown by the primary and secondary falls m heart rate 
after vagus paral}^ and which is substantiated by the concomi- 
tant depression of aunculo-ventncular conduction that occurred in 
most cases Moreover, the progressive nature of the direct action 
IS illustrated by the course of events m the more prolonged expen- 
mentsm which the effect of atropme m causmg an escape became less 
and less noticeable Second, that pituitary extract acts through the 
vagi by a stimulation of the cardio-mhibitory center is demonstrated 
by the difference m the degree of slowmg obtamed m ammals before 
and after atropme (fig 4) The succession of events which we have 
observed so constantly m the experiments upon the heart after atro- 
pme has not, so far as we know, been pre\aously described Wiggers 
(1911) beheves the direct action of pitmtary extract on the myocar- 
dium when it occurs, is a late effect, but our results mdicate, as is 
shown m the primary fall and the early effect upon aunculo-ventncu- 
lar conduction, that pitmtary extract begins to exert a depressant 
action on the mjmcardium \ ery soon after its administratiorL 
The direct effect upon the heart muscle is evident, but it is difficult 
to determme to what extent it is a primary action, or one secondar> 
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to constriction of the coronary artenes Although Cow (1911) and 
Rabe (1912) were unable to demonstrate that pituitary extract ex- 
erted a consistent effect upon the coronanes, Dale (1909), Mora- 
witz and Zahn (1914), de Boms and Susanna (1909) and Pal (1909) 
have shown that the coronanes are markedly constricted by this 
drug 

The role of anoxemia 

The influence of pituitary extract upon the coronanes suggests 
that the changes in the cardiac mechamsm subsequent to the adminis- 
tration of this drug may be, m part at least, the expression of a reac- 
tion to an msufldcient supply of oxygen Rolls and Geihng (1924) 
have found recently that a few mmutes after the mtravenous m- 
jection of 1 cc pituitary extract mto unanesthetized dogs (the same 
animals used m the present senes of experiments), there occurred a 
stnkmg diminution m circulatory mmute volume and m oxygen con- 
sumption per mmute That these effects are not merely due to a 
lowenng of the basal metabohc rate is attested from the fact that 
with these changes there is seen a definite increase in the H-ion con- 
centration of the venous blood and a lowenng of the CO 3 combmmg 
power of the plasma of venous blood (Geihng), pomtmg to an accumu- 
lation of non-volatile aad (lactic) m the tissues These findmgs are 
similar to those of Meakms, Dautrebande and Fetter (1923) m cases of 
circulatory failure and a lowermg of the circulatory mmute volume 
Other s 3 Tn.ptoms of oxygen want appear also, such as Cheyne-Stokes 
respiration, and Roberts (1923) has shown m anesthetized animals 
that this phenomenon is due to oxygen deficiency brought about by 
the action of pituitary extract on the vessels supplymg the medullary 
centers 

Greene and Gilbert (1922) studied the effect of a slowly produced, 
progressively mcreasmg degree of anoxemia on the heart of the anes- 
thetized dog The rate mcreased up to a cntical period (cessation of 
respiration), at which time the rate fell rapidly, an effect due to vagal 
stimulation Before death, however, there were evidences of a direct 
action upon the heart muscle Lewis and Mathison (1910~1911) 
investigated the effect of asph 3 oaa m cats and found that following a 
short period of acceleration, the auricular rate dimmished and heart 
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block eventually ensued The course of events was unaffected by 
vagal section, and consequently was ascnbed to a direct action upon 
the myocardium It is probable that the discrepancy between the 
results IS due to the difference m the methods of producing anoxemia, 
and that the rapidly developed, profound degree of oxygen defiaency 
brought about by asphyxiation caused changes m the cardiac mecha- 
nism seen only as a late manifestation of the more slowly produced 
anoxemia 

The results of mjection of pituitary extract resemble m some respects 
those obtained m both the above types of experiments The evidence 
of direct action on the myocardium occurred almost from the start, 
and it was essentially similar to that seen by Lewis and Mathison, 
that is depression of conduction and slowing of the auricular rate 
Actually, this direct effect appeared sooner m our experiments, and 
this may be due to the sudden constriction of the coronanes almost im- 
mediately after the mjection As m the experiments of Greene and 
Gilbert, the vagal influence was most pronounced m the earher phases 
of the reaction, to be followed later by a predommantly direct action 
on the heart muscle Whether anoxemia played any part m en- 
hancmg vagal tone we cannot ascertain, for the elevation of blood 
pressure produced by pitmtary extract may m itself account for 
effect. In the experiments of Greene and Gilbert and of Lewi^ and 
Mathison, there was noted the same alteration of the T wave de- 
scribed above 


The primary rise 

Although the primary nse was not constantly found, it was m 
most mstances defimte Smce it occurred after full doses of atropme 
as well as before atropme, vagal release may be disregarded as an 
explanation of the qmckening of rate Usually it occurred about 
8 to 10 seconds after the mjection of pitmtary extract was begun, 
which corresponds fairly well with the amoimt of tune necessary for 
the drug to reach the heart (Stewart) The nse was probably due 
to a direct action on the muscle, rather than to stimulation of the 
sympathetic ner\ e endmgs which are unaffected by pitmtary' extract 
pale, 1909) 
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The secondary rise 

This reaction usually took place at a time when a certam amount of 
vagal tone had been regained Nevertheless the rate rose m most of 
the experiments not only to the level reached after the admimstra- 
tion of atropine alone, but often defimtely above it There are 
several factors which may contnbute to this acceleration and the fol- 
. lowmg explanation is offered as a tentative h)q50thesis The mcrease 
m systemic blood pressure reaches its height about the time when the 
secondary rise begins Such an action would tend to counteract the 
effect of coronary constnction which is probably responsible for the 
primary fall This mcrease m coronary flow would be further aug- 
mented by the metabohtes of asphyxia (Markwalder and Starl- 
mg, 1913) The mcrease m heart rate may be also due in part to the 
action of adrenal secretion which is called forth by asphyxia (Cannon, 
1919) 3 

In only one of three animals to which 1 cc pituitary extract had 
been given before atropine did an elevation of rate, correspondmg to 
the secondary rise seen after atropme, take place The absence of 
this rise was probably due to the powerful vagal stimulation which was 
present at the same tune. 

SUMMARY AND CONCLUSIONS 

1 In the heart of unanesthetized dogs, pituitary extract given in- 
travenously causes 

a A brief penod of acceleration, 

h A profound slowmg with prolongation of auriculo-ventncular 
conduction tune Dunng this phase, electrocardiographic curves 
show so-called smo-auncular block 

2 After atropine, pituitary extract bnngs about 

* Since the completion of this paper, our attention has been directed to a paper 
by Emis (Biochem, Ztscht , 1913, hi, 96) who observed an elevation of rate m 
isolated mammahan hearts about 1 to 2 mmutes after the administration of 
pitmtaiy extract This would mdicate that the rise m heart rate occurnng at 
this tim e may be mdejiendent of the effect of blood pressure and of the action 
of adrenal secretion Smee Einis’ results differed however from those obtamed 
by others usmg isolated hearts (Hedbom, 1998, Cleghom, 1899, Dale, 1909, 
Wiggers, 1911) we must await further evidence beanng upon this question 
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a An early penod of acceleration, followed by 

I A marked fall m rate, often assoaated with slight depression 
of aunculo-ventncnlar conduction This is succeeded by 

c A conspicuous elevation of the heart rate, usually with a defimte 
depression of aunculo-ventncular conduction FoUowmg this there 
occurs 

d A progressive fall m rate, independent of the influence of vagal 
tone 

3 From the above observations, we conclude that under the con- 
ditions of our experiments, pitmtary extract affects the heart 

a By stimulation of the vagi through the cardio-inhibitory center, 
and 

I By a direct action upon the myocardium 

c There is possibly an mdirect action on the sympathetic nerve 
endings durmg the secondary rise, through stimulation of the ad- 
renals by asph 3 rxia 

4 There are similanties between the effects of pitmtary extract and 
anoxemia on the heart. 
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INTRODUCTION 

In another paper (Rcsnik and (jailing (1925)) we have described the effect 
of extracts of the postenor lobe of the pituitary (Armour's Pitmtarj Liqmd) 
upon the heart of the unanesthebxed dog It was found that this substance 
quickly produced a penod of acceleration followed b> a profound slowing of the 
heart rate assoaated with depression of aunculo-\ entncular conduction During 
the slowing, the electrocardiographic records resembled those described as smo- 
auncular block- When the drug was gi\en after a full dose of atropine however 
a different effect was observed There was a bnef phase of acceleration followed 
by a marked slowing of the heart accompanied by shght depression of conduc- 
tion A second penod of acceleration followed, dunng which the aunculo-ven- 
tncular conduction was usually greatly impaired and the heart rate often ele- 
vated well above the maximum rate attamed after complete vagal paral>*5is 
A prolonged penod of progressive diminution of cardiac rate then occurred which 
was independent of the inffuence of vagal tone These effects were found to be 
due to central vagal stimulation and also to a direct action upon the m>ocardium 
The second penod of acceleration was apparently due m part to an outpounng 
of adrenal secretion called forth by the diminution of oxjgcn supply to the tis- 
sues, which occurs accordmg to Rolls and Gelling (1924), after administration 
of pituitary extract 

Abel, Rouiller and Geihng (Abel, 1924) have mvestigated the action of pittutaiy 
tartrate, which they consider to contain the punffed pnnaple of the extract of 
the postenor lobe of the pituitary gland Thej have found that it reproduces 
exactly the vanous effects obtamed with commennal extracts Through the 
kindness of Drs J J Abel and C A Rouiller, we have obtained a small amount 
of pitiutar^ tartrate (oij’toac titer 160 Y ^-1 phosphate) which we have used 
m a stud} of its action upon the heart of the xm anesthetized dog 

METHODS 

The experiments were performed upon two of the dogs previously 
used in the study of the action of pituitary" extract The methods 
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were similar to those employed in the former experiments and need 
not be given m detail here Pituitary tartrate was given in doses 
of 1 mg 


EXPERIMENTAL 

Owing to the limited amount of the drug at our disposal we were 
able to perform but four experiments Nevertheless these few ob- 
servations were suffiaent to indicate that the purified pituitary 
tartrate duphcated in every important detail the action of the com- 
mercial extract. 

Effect upon the ammal before atropine 

This was studied m two experiments (table 1) About 10 seconds 
after the start of the mjection, the rate rose rather markedly and this 
rise was associated with a qmckemng of aunculo-ventncular con- 
duction These changes were followed rapidly by a retardation of 
the rate of the whole heart, associated with a definite depression of 
auriculo-ventncular conduction Electrocardiographic records showed 
sino-auncular block during the period of slowing In table 1 are given 
protocols of these expemnents Atropine was given after the slow- 
ing occurred with the results that are descnbed later 

Effect upon the ammal after atropine 

In two experiments (table 2), pituitary tartrate was given after 
full doses of atropine Shortly after pitmtary tartrate was injected, 
there was an elevation of heart rate above the maximum level pre- 
viously reached with the use of atropine alone In one animal, 
G3, this nse began 10 seconds after the mjection, while m the other, 
Gl, it occurred between 10 to 30 seconds after the mjection In this 
animal there was a simultaneous decrease of the conduction time. 
There then followed a fall which reached a maximum m 1 to 2 mmutes, 
associated m both expenments with a slight mcrease m aunculo- 
ventricular conduction time The heart rate then rose agam In 
one instance, Gl , the maximum reached was well above that obtamed 
with atropine alone, and durmg this period there was heart block 
with the dropping of many ventncular beats In the other case, 



TABLE 1 

The ejfca of ptinUary iariraie %n anwtals before atropine 
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A-V block with varying 1 1,2 1, 3 1 ventricular response 









TABLE 2 

The effect of pitmiary tartrate 'in animals after atropine 
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The conduction, time could not be measured accurately 
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mfnuTcS 



Fig 1 A chart shcrtting the effect of the intravenous administration of 1 mgm 
pituitary tartrate before (lower curve) and after (upper curve) atropme (Gl) 
The shaded area in the upper curve represents aunculo-ventncular block and 
shows the difference between auncular and \entncular rates In the lower cur ve, 
there IS seen the early acceleration and the later period of retardation of rate. 
In the upper curve, there is shown successrvcl> (1) the pnmai> rise, followed by 
(2) a brief penod of slowing, (3) a second ai> nse succeeded b> (4) a gradual fall 
during which period the effect of the third dose of atropme (40 minutes) is dis- 
tinctl> less than that of the second (9 minutes) Compare with figures 1 and 2 
of the prccedmg paper 
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G3, the rate rose to a level slightly below that with atropine, and 
the conduction tune increased definitely, but no auricular beats were 
blocked The heart rate gradually fell again This fall results 
partly from recovery of vagal tone, but not wholly, for subsequent 
injections of atropine had less and less influence in effecting an mcrease 
in ventricular rate During this period the conduction tune graduaOy 
dunmished Table 2 gives the essential data of these expenraents 
Figure 1 illustrates graphically the results in one animal, G1 

DISCUSSION 

In those experiments in which atropine was given after pituitary 
tartrate, the results mdicate defimtely that central stimulation of 
tlie vagi was the chief factor m the slowmg produced by pitmtary 
tartrate In G1 there was no conclusive evidence that the drug 
exerted a direct action on the myocardium It is possible that such 
an action had been present but had passed off by the tune atropme 
was given, although when pitmtary tartrate was given to the same 
animal after atropme, the direct effect on the heart muscle was still 
evident after 41 mmutes In G3 the heart rate was shghtly lower 
after atropme than that obtamed mother experiments More defimte 
evidence of a direct action is seen in the mcreased conduction tune 
FoUowmg the use of atropme, the conduction tune on several oc- 
casions was 0 08 to 0 10 second In this experiment it was as high 
as 0 Ifi second It is apparent, however, that the action of pituitary 
tartrate upon the heart muscle is more pronounced when the drug 
is given after atropme Whether this holds for ^mmeraal prepa- 
rations of pituitary extract we have not determmed 

The effect of pitmtary tartrate upon the heart of the unanesthetized 
dog is exactly similar to that of the commercial preparation which 
we had previously studied The mterpretation of the various phases 
of the effect has been given in the preceedmg paper The differences 
between the actions of the two are merely quantitative, as was to be 
'expected, as 1 mg of pitmtary tartrate of the particular titer which 
was available had been found m other experiments to be shghtly 
less effective than 1 cc of pitmtary extract (Armour) These results 
offer further evidence that pituitary tartrate contams the active 
pnnaple of the extract of the posterior lobe of the pituitary 
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CONCLUSIONS 

Pituitary tartrate produces exactly the same changes m the heart 
of the unanesthetized dog that have been found to occur after the 
administration of pituitary extract 
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CARBOHYDRATE ADETABOLISM HST NEPHRITIS 
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(Received for publication, October 25, 1924) 

INTRODUCTION 

In an attempt to obtam further information on the madence and 
significance of the hyperglycemia which has sometimes been obser\^ed 
m nephntis, we have studied the changes m the sugar content of the 
blood and urme of patients with nephritis and then respiratory me- 
tabohsm followmg the oral administration of glucose 

That the fasting le\’'el of the blood sugar was mcreased m nephntis 
was observed by Neubauer (1) m 1910 He found that there was 
hyperglycemia m a large proportion of cases with very high blood 
pressure, and he attnbuted both of these conditions to excessive ad- 
renal activity Von Noorden (2) accepted this h3T3othesis, but the 
majonty of subsequent observers rejected it, emphasizmg the fact 
that although hyperglycemia was rarely found m nephntis without 
hypertension yet extreme hypertension frequently occurred without 
hyperglycemia Other etiological factors were sought and its asso- 
aation was described with uremia, edema and d3’'spnea (Bmg and 
Jakobsen, (3)), urea retention (Myers and Bailey (4)), mcrease m 
blood diastase (Myers and Killian (5)), derangement of metabolism 
occurring late m the disease (Wilhams and Humphreys (6)) and with 
urerma, pancreatic arteno-sclerosis or hypertension with heart fail- 
ure and stasis (Kahler (7)) Harle (8) found that actual hypergly- 
cemia was rare except m essential hypertension, but that the blood 
sugar was nearly’- always at the upper limit of normal m nephntis 
with increase of blood pressure Hyperglycemia without hyperten- 
sion appears to be rare, but Hopkms (9) found three instances m ten 
observations The association of arteno-sderosis, obesity and gly- 
cosuna has been recognized foi many’- y ears 
The effect of glucose administration upon the blood sugar m ne- 
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phritis was studied by Tachau (10) and by Bing and Jakobsen (3) 
who from a very few observations concluded that the effect was the 
same as in healtli Hopkins (9), Hamman and Hirschman (11) and 
Bailey (12) found that the blood sugar curve was defimtely abnormal 
w^hen there was hypertension, tlie rise was exaggerated and the fall 
delayed Hamman and Hirschman obtamed a normal curve from 
a patient with edema and without raised blood pressure, and also from 
a case of diffuse nephritis with extreme hypertension O’Hare (13) 
found defimte abnormahties in 11 out of 18 cases of essential hyper- 
tension 

The kidney is relatively impermeable to glucose m some stages of 
nephritis (Hamman and Hirschman (11), Mason (14), Wilhams and 
Humphreys (6)) Glycosuna is often absent when the blood sugar 
is considerably above the normal threshold, which is now accepted as 
from 0 16 to 0 18 per cent (11, 15, 16, 17, 18, 19) 

We are not aware that any observations have been made on the 
resporatory metabolism after glucose administration m nephritis 
The object of the present work has been m part to obtam such obser- 
vations in the hope that they might shed some hght on the nature of 
the metabolic disturbance which is assoaated with the tendency to 
hyperglycemia 


METHODS 

The basal metabolism determinations were made by the Tissot spirometer 
method (20) The Henderson modification of the Haldane gas analysis apparatus 
was used (21) The protem metabohsm was measured by determmation of the 
urmary mtrogen by the Kjeldahl method Protem when present was removed 
from the urme by heatmg and addmg tnchloracetic aad imtd no further preapi- 
tate was formed, the mixture was diluted to a volume, filtered, and the filtrate 
used for the mtrogen detenmnations The carbohydrate metabolism was cal- 
culated from the non-protem heat production and non-protem respiratory quotient 
by the table given by Williams, Riche and Lusk (22) 

The blood sugar detenmnations were made by the method of Hagedom and 
Jensen (23) Poster (24) has shown that after glucose administration the sugar 
content of the blood obtamed by finger pnck is greater than that of venous blood 
Fohn and Berglund (19) beheve that this difference is chiefly due to the greater 
pam and psychic effect of finger pnckmg, but Foster (24) sees m it evidence of the 
burmng and storing of carbohydrate m the muscles of the arm, whence comes a 
large proportion of the venous blood obtamed by venepuncture at the usual site 
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In observations in vludi changes of renal threshold may play a part, it is advisable 
to determine the blood sugar tmder conditions as nearly artenal as possible 
Lundsgaard and USUer (25) found that the blood obtamed by cutaneous inasion 
IS identical in ox> gen content with artenal blood We have therefore used cutane- 
ous blood obtained by a clean deep pncL with a sharp needle, Hagedom’s method 
has certain technical advantages, which are that 0 1 cc, of blood is all that is needed 
for the determmation, and that the oxidizmg agent is precipitated out m the 
reduced form as soon as reduction has occurred, reoxidation bemg thereb> avoided. 

The sugar content of the unne was tested quahtatively by the Benedict reagent 
and quantitativel\ by the Benedict and Osteiberg (26) method The albumin 
free filtrate prepared for the K-jeldahl determmations was used for the quantita- 
tive determmations 

Ghicost ingestion tests The subjects of these studies had been used previously 
by us for metabolism or else were tramed hy blank experiments, to accustom them 
to the proceedings so that ps> chic factors nugjit be eliminated on the da> of the 
test On this day, two basal metabolism determmations over five minute periods 
were made after 12 to 15 hours of fastmg and 30 minutes complete relaxation m 
bed Blood was then taken for blood sugar determmation, and unne collected. 
The glucose was given m 180 cc, of water and 20 cc of lemon jmce at room tem- 
perature All times were counted from this pomt. Blood specimens were taken 
at 0 5, 1, 1 5, 2, 3, and 4 hours, and unne specimens at 1, 2 and 4hour3 Metab- 
olism determmations were made dunng the five mmute penods precedmg the 
0 5, 1, 2, 3, and 4 hour pomts 

The dose of glucose was made proportional to the normal basal requirements 
estimated from the height, weight (without edema), age and sex (27) The stand- 
ard amount was 100 grams for an estimated normal basal rate of 1800 calones 
The glucose given vaned between 1 42 and 2^7 grams per kilo bod> weight. In 
some of the blood sugar determmations without metabohsm determinations the 
dose was 100 grams for adult males, 80 to 100 grams for adult females and 55 grams 
for a boy, varymg from 1 3 to 1 7 grams per UIo The glucose used was Merck’s 


UATERIAL 

Blood sugar curves were obtained on 6 normal persons and on 12 
patients with nephntis, and metabolism tests were made upon 6 nor- 
mals and 7 of the patients On 2 of the patients more than one sugar 
curv^e was obtamed so that 15 cur\^es are reported 
The blood sugar curves of the normal persons are condensed in 
figures 1 and 2 Figure 1 shows those without ahmentar>^ gh cosuna, 
and figure 2 those with alimentar 3 ^ glj cosuna Figures 3 to 7 show 
the curves obta i ned m the different forms and stages of nephntis, the 
classification being that of Volhard and Fahr (28) The shaded areas 
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Changts m blood sugar and metahohsm after glucose iftgestion tn stx normal subjects 


CARBOHYDRATE METABOLISM: IN NEPHRITIS 


Comment 

Ideal type 

Ideal type 

Ideal type 

Low threshold 
“Lag” type 
‘‘Lag” type 

JO cjnoq 

f Uj p^umq ojcjpXqoqiC^ 

P VO CN ^ ^0 

«« CS CS t-t CN CS 

jnoq 

JMl oin( jod urtijoqtijaui 
o^CjpAqoqaco uinuirrrjY 



00 o o 

g m ^ ro ID 

'e O O O O O 

inoq 

wij op’^ j^d msTioqc) 
am ajrjpjCqoqjuo aapsrj 

5 lO T-C CO CO 00 

^ cs ^ o cs cs 

g o o o o o 

D H 0* 

O O o o o 

1 o ■r-4 ^ 

o o o o o o 


O ^ CO O 

CO CO 

o o o o o o 

osoDnjS 

uotpnpoid ^xjaq m offcajonj 

per cent 

17 65 

7 44 
13 89 

5 66 
15 80 

8 04 

IBUUOU ^SlUOAt: 

uiojj none 
iA3p aqoqnpm psrg 

c CO lO CO O 

O 00 ^ ^ ^ 

1 + 1 1 + 1 

npnsooiCjo 

1 1 1 + + + 

aS0DTl|3 

aa^jB xeSns poojq ^saqSrg 

per cent 

0 140 

0 147 

0 157 

0 164 

0 194 

0 200 

xeSns poo^q 

i 

K -r-t rH M CO CA 

S ssssss 

^ o o o o o o 

voxjS 

-opq jad pa^saSoT asoanjo 

got 

1 48 

1 47 

1 42 

1 46 

1 52 

1 50 

iqSraM 

^ lO O O O to CO 

^ eo \0 t-H CO 

^ SO VO VO O to VO 

aSy 

*n 

o t-4 CO VO O 
« CO CN CN CO CM CN 

Subject 

( 2 ) a g <; 
o < W K t-vO 



LINDER, HTLLER AND VAN* SLVKE 


251 


represent the zone of normal blood sugar reaction and have been 
drawn by takmg the highest hnes of figures 1 and 2, and the lowest 
line of figure 1 

The results of the metabolism tests are given with the correspond- 
mg blood and unne sugar detemunations m figures 8 to 21 

Tables 1 and 2 contain further facts about the tests and about the 
rlimral condition of the patients Protocols of the autopsy findmgs 
are appended 


Gm. 




Kin. 0 £0 120 ISO £40 


Time 
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Fig 1 


Fig 2 


Fig 1 Blood Sugar Cttbxes or 3 Healthy Adults rs Whoit There Was ^o 

GlTiCOSURIA 

Fig 2 Blood Sugar Curves or 3 Healthy Adults ik hoh There Was 
Glycosuria atter Taels g Glucose 

The upper tuo cur\ es are of the "lag'’ tjpe The gl> cosuna in the third case 
was due to a lo\\ threshold 


ANALYSIS OF RESULTS 
Normal blood sugar curves 

In order to obtain a senes of controls for the obser\aDons on re- 
spiratory metabolism, glucose was gi\en to sly >oung health} adult 
males 
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Three individuals, G L , A B , and H. R , (fig 1 and table 1), 
presented blood sugar curves which are normal according to recent 
standards, and glycosuria was absent These ideal blood sugar curves 
show the following pomts The fasting blood sugar is less than 0 1 per 
cent After the glucose there is an abrupt nse to a peak of less than 
0 18 per cent winch is reached in 20 to 40 minutes The peak is caused 
probably because absorption w^as greater at first than storage and 
burning Maclean (16) suggests that this hyperglycemia is the stimu- 
lus to glycogen formation The curve then descends steeply to a 
plateau 0 02 to 0 04 per cent above the fasting level and is mamtamed 
there dunng the second hour During this penod carbohydrate trans- 
port and storage are m equilibrium and the blood sugar comes to a 
constant level When absorption and possibly the need for transport 
from the hver to the tissues comes to an end the curve falls to a pomt 
below the fasting level The final hypoglycerma was observed by 
Frank in 1910 (29) and also by Jacobsen (15), Maclean (16), Gra- 
ham (30) and Fohn and Berglund (19) It is a constant phenomenon 
and may appear earlier if smaller doses of glucose are given 
In the remaining normal individuals, H C , J M and C A , 
(fig 2 and table 1), there was sufficient sugar m the unne after the 
glucose to reduce the Benedict reagent The blood sugar curves and 
quantitative urme sugar analyses show that two of them, J M and 
C A , were examples of the 'lag” t 3 pe of curve described by Maclean 
(31), tardmess m startmg of an otherwise normal carbohydrate stor- 
ing mechanism, and possibly unusual rapidity of absorption allowed the 
blood sugar to nse above 0 18 per cent for a short time Both curves 
showed a rapid fall to a low plateau and a terminal hypoglycemia 
The threshold appeared to be normal, and the glycosuna was appar- 
ently due to the height of the peak The unne sugar was not increased 
dunng the fasting penod or after the blood sugar had fallen (figs 12 
and 13) The curve of H C did not show an abnormally high 
peak, but the fall was a little slow The glycosuna was assoaated 
"With a low threshold, probably at about 0 14 per cent (fig 11) 

Search of the literature shows that foUowmg glucose admimstration, 
glycosuria recognisable by the ordinary methods has been found m 
many normal subjects Jacobsen (15) found glycosuria m 8 out of 
15 persons, Haraman and Hirschman (11) m 2 out of 6, Goto and 
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Kuno (32) in 33 out of 53, Hagedom (17) frequently, and Holst (33) 
in 2 out of 14 healthy persons and 29 out of 145 unselected but non- 
diabetic patients One of us(D D V S ) when exa m ining an army 
class foimd that 15 per cent of the members excreted small amoimts of 
sugar after 100 grams of glucose It is probable that some authors 
have not found glycosuria so often because they failed to collect a small 
amount of unne at the cntical penod, e g , Taylor and Hulton (34) 
conclude that ^^glycosuna does not occur foUowmg the largest possible 
mgestions of pure glucose,” but they looked for it m 24 hour collec- 
tions Other authors have refused to consider as normal persons who 
excrete a trace of sugar after large amounts of glucose If that were so 
we should have to accept the proposition that from 15 to 50 per cent 
of apparently healthy people are abnormal It appears that even 
when allowance has been made for age (35, 36), overweight (37), 
worry and emotion (38, 39), there still remains a large number of 
healthy people who excrete sugar after consuming considerable amounts 
of It 

Blood sugar deiermtnations vt patients with nephritis 

Chrome nephrosis Two curves on 2 patients (fig 3) The sugar 
CMTve of B B was normal except for a small rise m the fourth hour 
G F was 51 years old The curve did not nse above 0 165 but m 
the third hour it lay above the normal limit for young persons In 
neither case was there glycosuria 

Glomerulonephritis, nephrotic type, Stage II Three curves on 
2 patients (fig 4) Two curves were within the normal area, al- 
though that of F M after 55 grams came to its peak m the second hour 
The curve of F M after74grams, the largest dose per kilo bod> weight 
m this senes, showed a delay m falhng There was no glycosuna 

Glomerulonephritis, nephrotic type, Stage III Three curves on 3 
patients (fig 5) All the curves lay outside the normal limits That 
of S L however, was only slightly abnormal and was similar to that of 
F M among the Stage H curv es, S L ha\nng retained a somewhat 
better renal function than F or S Ly The blood sugar of F 
reached 0 245 per cent and although the descent was rapid, the curv e 
was high throughout, the abnormahtj bemg defimtely greater than 
a ''lag” curv e The blood sugar of S L> reached 0 227 per cent and 
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Observations cnHiHu'h 


Nature of ease 


I I IK 

p « w rt ' 



Chronic nephrosis 


BE 23 March 4, 1924 56 110/60 + 0 Ml 75 5 

GF 51 November 27, 1923 81 130/60 + 0 07 50 


Nephrotic tjpc, Stage 
II 


J 0 'M 16 May 27, 1924 52 138/76 - 0 155 « ® 

FM 14 1 February 4, 1924 39 180/130 ++jo 146 16 » 


A ir| AW/AWVI 4 I I I ^ 

February 26, 1924 29 132/90 - W 115 51 " 


Glomcruio 

nephntis 


S L. 20 December 27, 1924 65 165/120 - 0 49 12 

Nep^^odc type Stage ^ 158/100 (+) 0 68 IS I-- 

M F 26 March 6, 1924 51 115/81 - 0 83 S ' 


November 5, 1923 60 170/117 


- 0 42 14 

_ 0 62 to 


, _ ! December 17, 1923 60 175/140 - 0 62 

■' ) March 28, 1924 61 195/130 - 1 75 

i April 11, 1924 S3 170/110 - 2 87 


I Vascular type Stage IH 


Nephrosclerosis 


/ December 3, 1923 57 235/100 + 0 475 
^ \ February 7, 1924 47 220/130 - 0 379 


November 26, 1923 66 188/130 

November 30, 1923 66 185/115 

December 13, 1923 64 185/105 

January 9, 1924 66 192/120 

April 14, 1924 47 168/120 

May 1, 1924 44 160/121 

May 5, 1924 46 


_ 0 682 
- 2 24 
(+) 2 36 


H L. 30 April 3, 1924 55 170/120 - 0 080 

C T 34 November 22, 1923 74 175/105 - 0 152 

MS 26 Januaiy 28, 1924 50 196/135 - 0 097 


* Austm Stillman and Van Slyke (61) D ■■ urea output m grams per 24 hours. B «■ blood urea In grams 
volume in 1 per 24 houn W body weight in kilos Minimum normal index m 45 
t Protocols of these patients were published m Jour Exper Med , 1924 xxzix, 931 
t Three hours 
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irhohydraic mdahoJtsm tn nephrtits 



Edema, begao. 2 years befere and per 
silted 

Edei£a nnce early disappeared 

under urea therapy 

See foot-notef 

8 yem history of re cur r in g edema. 
Acute emcerbatioii ia January 1924 
'With anasarca, bydrodioTan, ascites 
and retimtis. 

Observed since October 1921. Iso- 
sthenuria- Progress slorw 

Imdal symptom, ilarch 1922., asates 
Isosthcrmna- 

Sec foot-no ve.t Isosthenuria. 

Protemuna, June, 1922 Hypertensron* 
swelling o' antics headadie — 1922 
Admission to hospital October 192J 
discharged December 1923 read 
miUed in uremia March 18 1924 
died April 14 1924 Vo autopsy per- 
mitted. 

January 1921 headache and rJreIGng of 
ankles. Died of heart failure, July 
1924 Autopsy 

Protemuna, 1920 Headache weak 
ness July 1923 \ omiting and retm 

itis, October Died January 12 1924 
Autopsy 

Initial symptoms— vomiting headache 
and re.niai ilarch 1924 Died May 
5 1924 Autopsy 

Sec foot-no.et 

Vo sympmms 

Complicated by heart failure (pnljua 
altcmans' canLac edema and hydro- 
tho*aa cn admissmu 
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showed a yet greater delay in falling All these patients passed 
traces of sugar while the blood sugar was high, but the quantity of 
sugar eliminated was less than would be expected from a normal 
person with a similar rise in blood sugar (figs 18 and 19) 



Fig 3 Fig 4 

Fig 3 Blood Sugar Curves in Chronic Nephrosis 

There was no glycosuria The shaded areas m figures 3 to 7 represent the 
normal zone dehneated from figures 1 and 2 

Fig 4 Blood Sugar Curves in Glomerulonephritis, Nephrotic Type, 

Stage n 

There was no glycosuna 

Gloineridonephnhs, vasadar type, Stage III Four curves on 2 pa- 
tients (fig 6) The curve of E L showed a high fastmg level, a nse 
to 0 225 per cent and a steep but delayed descent The unne habitu- 
ally contamed a trace of sugar which mcreased after the glucose was 
given The threshold was low The curves on J C were obtained 
6 months and 5 months and 17 days before his death m uremia The 
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fasting figure rose from 0 103 to 0 119 and 0 127 per cent and 3 days 
before death it was 0 159 per cent (table 2) None of the tests were 
prolonged sufficiently to show the return of the blood sugar to the 
fasting level, but the fall was more and more delayed and in the last 


Gtix 



Fjg 5 

Fig 5 Blood Sugae. Cttevxs 





Time 
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Fig 6 

IN GLOMERTTLONEPHEniS^ NepHROTIC TyPE, 
StAGE HI 


Gl> cosuna occurred m all ca 5 es 

Fig 6 Blood Sugar CtJRVT:s in GLOMERULovEPHRms, Vascular type. 

Stage m 

Gl> cosuna occuired in ah tests except the earliest on J C There vras a fasting 
gljcosunamE L andmj C m the thud test 


curve the blood sugar was at its highest, 0 195 per cent, at the end of 
the fourth hour Glycosuria was not found in the first test and onl^ m 
the third hour of the second, when the blood sugar reached its mai- 
imum, the threshold at this tune bemg therefore in the region of 0 19 
per cent. In the third test there was sugar in e\ er>' specimen of urine. 
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induding the fasting spedmen, and the increased excretion after the 
glucose was small (fig 20). The threshold had therefore fallen to less 
than 0 127 per cent From that time he constantly excreted traces of 
sugar 

Table 2 contains a senes of determinations of the fasting blood 
sugar m two other patients in this stage of nephritis, A S and J 
L. They were too sick to allow the determination of blood sugar 



Time 


• — .CT o oMS. * xHL 

Fig 7 Blood Sugar Curves in Nephrosclerosis, Stage I 
There tv as no glycosuna 

curves and metabohsm tests, but they showed a fasting hypergly- 
cemia which will be discussed elsewhere 
Nephrosclerosis, Stage I Three curves on 3 patients (fig 7) The 
fastmg figures were normal The curves rose high and fell more 
slowly than the normal curves They extended just beyond the nor- 
mal area There was no glycosuna so that the threshold of C T 
must have been raised to about 0 20 per cent 

In chronic nephrosis and the nephrotic type of glomerulonephritis 
in Stage IT the blood sugar curves were substantially normal m form 
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and m no case was there glycosuna In nephrosclerosis with httle 
or no renal msuffiaency the curves were all of a shghtly exaggerated 
*Qag^’ type, and the fasting blood sugar was towards the upperhroit 
of normal In both vanebes of glomerulonephritis in Stage m with 
renal msuffiaency the curves were, with one exception, S L , defi- 
mtely abnormal with exaggerated rise and delayed fall, and glycosuna 
was frequently present A fastmg hyperglycemia was observed in 
the last days of life 

The abnormahties in the blood sugar curves could not be attributed 
m these cases to a lowered basal metabohc rate, as m the cases de- 
scnbed by Hoxie (40) He reported that subjects with a basal meta- 
bohc rate below — 10 per cent show sugar tolerance curves of the dia- 
betic type Although we have frequently found the basal metabohc 
rate lowered m nephntis, the two patients reported here with a lowered 
metabohc rate, B B and F M , table 2, did not present 
essential abnormahties m theur blood sugar curves, while J C , 
who had a normal basal metabohc rate, presented the most ex- 
treme type of curve 

Carbohydrate metabolism of normal subjects 

After the glucose was taken the respiratory quotient rose 0 06 to 
0 12 above the basal level, and it remamed at a raised figure until 
the fourth hour (figs 8 to 13 and table 1) In no instance did this 
nse begm imtil the second half of the first hour This delay after 
glucose is given by mouth is charactenstic, and was observed by 
Benedict (41) Zimtz and Mermg (42), Bemstem and Falta (43) and 
Sanger and Hun (44) Bemstem and Falta beheve that the glu- 
cose IS first stored as glycogen, and only when the glycogen depots are 
filled IS It burned or converted mto fat causmg the respiratoiy^ quotient 
to nse The type of cur\^e obtained would thus depend upon the 
state of the glycogen depots, and this m turn upon the precedmg diet 
Higgins (45) and Bomstem and Holm (46) found that the quotient 
actually fell durmg the first 15 mmutes The latter authors suggested 
that this was due to COjbemg retamed m the bod> to combme with 
the alkali released by secretion of aad m the gastnc jmce, as Bennett 
and Dodds (47) had found that the al\eolar CO* was mcreased at 
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that time Such retention would result in a fall of quotient which 
would mask any rise due to increased carbohydrate metabohsm 
A definite mcrease in heat production was present in half an hour 
and reached its maximum then in 2 cases, G L (fig 8) and C A , 
(figure 13), in the remammg 4 cases the maximum was delayed un- 
til one hour or later when the blood sugar curve was falling The 
heat production curves of Sanger and Hun (44) were of similar form 
Our curves returned to the basal level m 2 to 3 hours 
The carbohydrate combustion was less than 0 3 calories per kilo per 
hour dunng the fasting penod, and it did not nse until the second 
half hour The maximum combustion was attamed m the second 
or third hour and varied from 0 37 to 0 7 calones In the fourth 
hour there was a fall In G L this fall was to 0 07 calones, and in 
H. R to 0 03, m these subjects there was well marked hypoglycemia 
at this time, but hypoglycemia occurred in A B , H C , and J M 
without an excessive fall m carbohydrate combustion withm the 
4 hours of the test The amount of sugar burned m the 4 hours of the 
test vaned from 16 to 27 grams 

It appears that the accelerated metabolism of carbohydrate pleth- 
ora (48) begms as soon as the blood and tisssues are flooded with 
sugar, but that the mcrease in respiratory quotient occurs a httle 
later 

Figure 14 shows the effect of 200 cc of water alone on the metabolism 
of the subject G L The respiratory quotient fell and the carbohy- 
drate combustion calculated from the gas exchange reached a low 

Explanation of figures 8 to 21 

The absossae represent the time in mmutes before and after the glucose was 
given at “zero ” The ordinates have three scales The outer scale on the left 
side gives the total metabolism and carbohydrate metabolism m calones per kilo 
per hour, and the respiratory quotient The inner scale gives the blood sugar m 
grams per 100 cc The scale on the ngfat hand side gives the rate of sugar excre- 
tion m grams per hour 

The foUowmg signs mdicate the curves 
O- o blood sugar 

#— • carbohydrate metabohsm (carbohydrate utilization) 

■ total metabolism (heat production) 

X X respiratoiy quotient 

i i rate of sugar excretion 
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level. There was no significant change in the blood sugar, there was 
no hypoglycemia within 5 hours, that is, after 20 hours fasting There 
was no effect on the basal heat production 

Carbohydrate metabolism of patients with nephritis 

Chronic nephrosis Case B B. (figure 15) Glomerulonephritis ^ 
nephrotic type, Stage II Cases J O’M and F M , (figs 16 and 17) 
B B showed a rise m respiratory quotient above umty and a normal 
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Fig 21 


increase in heat production He was being treated with urea so that 
his protein metabolism could not be determined, and his carbohydrate 
combustion could not be calculated The height of the quotient 
showed that the carbohydrate was actively utilized and that some 
of it was converted into fat The carbohydrate burned by J O’M 
before the glucose was given was 0 3 calones per kilo per hour, while 
immediately after the glucose it mcreased with a rise of respiratory 
quotient and reached 1 calone During the test he burned 40 grains 
of glucose F M showed an increase in heat production which re- 
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mamed above the basal level until the end of the test There was a 
striking transient fall of the respiratory quotient after 25 minutes 
and It did not nse above the initial level imtil the third hour Car- 
b^ohydrate combustion was 0 9 calones m the fastmg state, and except 
for a fall at the 25 minute penod it remained at a high level The 
test was discontinued after 3 hours, during which time 18 grams of 
sugar were burned 

Glomerulonephritis, Stage III Cases M F , S Ly , J C (figs 
18 to 20) The blood sugar curves of these patients were definitely 
abnormal The heat production of M F rose immediately and re- 
turned to the basal level m the third hour The respiratory quotient 
rose from 0 75 to 1 05 The carbohydrate combustion was 0 15 
calones before the glucose, began to mcrease immediately after, and 
reached 0 98 calones at the end of the second hour Thirty grams 
of carbohydrate were burned durmg the test As m B B the nse of 
the respiratory quotient above umty mdicated that some of the glu- 
cose was converted mto fat Both of these patients had permanent 
hpemia S Ly showed but shght mcreases m heat production 
and respiratory quotient. The utilization was high m the fastmg 
condition , 0 66 calones It fell with the respiratory quotient at the 
^ hour pomt and then rose moderately to 0 75 calones where it re- 
mamed to the end of the test Twenty-eight grams of sugar were 
burned The apparent lack of response was due to the mitial high 
level of carbohydrate metabohsm The heat production of J C 
mcreased durmg the first hour, but there was no change m the respira- 
tory quotient and carbohydrate metabolism, the latter remam- 
mg at 0 3 calones After the first hour the quotient and carboh} drate 
metabolism rose steadily until the end of the test, the cur\ es run- 
nmg parallel with that of the blood sugar The carbohydrate combus- 
tion reached a maximum of 0 76 calones at the end of the fourth hour, 
thirty grams of carbohydrate bemg burned m the 4 hours The curv es 
suggested that absorption was slow and that the mcrease of carboh>- 
drate metabolism m response to carbohydrate plethora was sluggish 
but e\ entually attamed normal proportions 

Nephrosclerosis Case H L (fig 21) All the metabolism curves 
were of normal form The carbohj drate combustion rose from 0 15 
to 0 78 calone per kilo per hour and 25 grams of sugar were burned 
durmg the penod of obser\ ation 
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There was no constant characteristic dilTerence between the re- 
spiratory quotients of normal persons and those of patients with 
nephritis after glucose administration, whether or not there were 
abnormal blood sugar curves The results indicate that after glucose 
ingestion a somewhat more rapid carbohydrate combustion occurred 
in some of the nephritic patients than in the normal subjects The 
differences, however, are not sufficiently marked, m view of the small 
number of cases, to permit a decision as to whether they are signi- 
ficant of the disease or are merely such vanations as might be caused 
by previous diet and individual variation in normal subjects 

DISCUSSION 

In the mterpretation of glycosuria and supposedly pathological 
conditions of the blood sugar it is essential to allow for physiological 
vanations Spence (35) and Punschel (36) have shown that m 
later hfe alimentary hyperglycemia is prolonged, and the former 
has suggested that the abnormalities reported m nephritis are nothing 
but the normal response m the elderly Many of the pubhshed 
curves, particularly those m cases of hjqiertension, are difficult to 
evaluate for this reason Our senes mcludes one patient of 51 years, 
but the remamder are under 35, so that the effect of old age has been 
elimmated None of our patients were pregnant or menstruating, 
and none had had any recent acute mfection, or any gross cerebral 
vascular lesion Graham (37) foimd that his blood sugar curve was 
considerably higher when he was hard at work than just after he 
returned from a hohday, and this factor may apply to the 
normals C A and J M as they would possibly present "ideal” 
curves after a vacation We have called no case abnormal unless 
there was a gross departure from the normal behavior of the blood 
sugar or carbohydrate utilization which could not be explained by 
some physiological condition 

Defimtely abnormal blood sugar curves were obtamed m Stage HI 
of glomerulonephritis — the stage of marked mtrogen retention and 
isosthenuria 

The existence or not of very high blood pressure appeared to be 
immatenal, as S Ly and M F with blood pressures of 158/100 
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and 115/81 showed grossly abnormal sugar curves, although the 
fasting blood sugar was normal (We have not observed these 
nephrotic cases in the dayR ]ust preceding death from uremia In 
nephrosclerosis, or essential hypertension, in yoimg persons the cur\’'es 
were of a shghtly exaggerated ‘dag’^ type Hypertension is not 
related to hyperglycemia m any constant way 
In the cases with renal edema there was no abnormahty of the 
blood sugar 

The abnormal blood sugar curv^es were found in conditions of severe 
renal insuffiaency in association with a low urea excretion mdex, 
accompanied m most cases by aadosis and phosphate retention 
Cammidge (50) beheves that variations m blood sugar after food are 
due to digestive changes m the aad-base balance of the blood, and 
Langfeldt (51) has demonstrated that decreasiag the pH to 6 8 
mcreases the rate of glycogenolysis by hver diastase to a maximum 
and advances the hypothesis that change m pH m the hver cells is 
one important factor m regulatmg the level of the blood sugar 
Table 2 shows that, of the patients for whom aad-base determina- 
tions are available, all those with normal blood sugar cur\^es had a 
normal aad-base balance, and all but one, E L , of those with ab- 
normal sugar curves had some degree of uncompensated aadosis 
However, the correlation of the height of the fasting blood sugar 
with the degree of aad-base disturbance m the same patient is im- 
perfect In the case J C the pH and BHCOa were more nearly 
normal when the fastmg blood sugar was 0 159 per cent than when 
it was 0 127 per cent In J L there was a blood sugar of 0 229 per 
cent and severe aadosis, and four days later after bicarbonate therapy 
both states were almost normal, later when the aadosis approached 
the mitlal degree the blood sugar rose to 0 139 per cent and finally 
with an impro\ement m the aadosis the sugar mcreased to 0 187 
per cent In the case of A S there was the same discrepancy 
The conclusion that aadosis is the cause of the abnormal blood sugar 
curves does not seem justified by our data, although they are not 
complete enough to exclude blood reaction as a possible factor m sugar 
metabolism 

That phosphates take part m the carbohydrate metabolism, pre- 
sumably by combining with glucose or some of the intermediate 
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compounds has been shown by Embden, whose work has been re- 
viewed by Shaffer (52) and supported by the results of Harrop and 
Benedict (53) Renal insufficiency is likely to be accompanied by 
phosphate retention, as shown by Marriott and Howland (54) and 
by our results If increased blood phosphate had any effect on glu- 
cose utilization, however, an acceleration rather than a retardation 
would be expected Our results indicate no relationship between 
phosphate retention and altered carbohydrate metabohsm in nephri- 
tis, except as two results of the same disease 

In the same way urea retention occurred with the abnormahties in 
blood sugar but no close relation was apparent 

In another commumcation (55) we report observations on sub- 
stances in normal blood other than glucose which reduced the ordi- 
nary blood sugar reagents and find that these substances are increased 
in uremia This mcrease, however, accounts for but a small fraction 
of the apparent hyperglycemia, the larger fraction bemg due to an 
mcrease m fermentable sugar 

The question, whether the corpuscles normally contam sugar in 
man or not, remams a matter of dispute Of recent workers Falta 
and Richter-Quittner (56), Brinkman and Davis (57), and Cshki (58) 
found that human corpuscles contamed no sugar, but Hagedom (59), 
Ege (60) and Fohn and Berglund (19) found that they contamed a 
considerable amount If it were assumed with some of these authors 
(56, 57, 58) that all the blood sugar is m the plasma, most of the 
high values observed m our nephritic cases could be explamed as 
due to a relative mcrease m the plasma cell volume ratio The 
abnormally long persistance of high blood sugar after glucose mges- 
tion could not be so explamed, and m view particularly of the anal- 
yses of Fohn and Berglund (19) one cannot lay much weight on the 
assumption of sugar-free corpuscles 

No change m the threshold for sugar was demonstrated in the 
majonty of the patients until the termmal stage of the disease was 
reached Of the three patients with nephrosclerosis none showed 
glycosuria, but m one of them the blood sugar rose to 0 203 per cent 
and m another to 0 183 per cent, the threshold bemg raised in the 
former and probably m the latter Towards the end of Stage III 
of glomerulonephritis the threshold fell to a low figure and a fasting 
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glycosuria appeared m three of the four fatal cases In the fourth 
an adequate search vras omitted The threshold fell to the region of 
0 13 per cent The quantity of sugar excreted vras small, hovrever, 
even when the blood sugar rose to 0 22 and 0 24 per cent Although 
the blood concentration level at which sugar escaped m the urme 
might be lowered, the excretion rate appeared to be retarded so that 
the amount lost was less than would be excreted by normal persons 
with an equal degree of h)rperglycemia (See figures 13, 18, 19 
and 20 ) 

SUMIIARY 

In glomerulonephntis with severe renal msuffiaency (Stage IH) 
the blood sugar curves after glucose was given by mouth showed an 
exaggerated and prolonged nse, and glycosuna occurred In the 
temunal stage h)q)erglyceima and glycosuna were present m the 
fasting state, the threshold for sugar bemg reduced 

In glomerulonephntis without severe renal insufi&aency (Stage II) 
and m chrome nephrosis no substantial abnormahty of the blood sugar 
was found either dunng fastmg or after glucose feedmg 

In nephrosclerosis with httle or no renal insufiSaency the fasting 
blood sugar was close to the upper limi t of normal, and the nse after 
glucose was shghtly higher and more prolonged than normal The 
threshold appeared to be raised 

The rate of mcrease m the respiratory quotient after glucose m- 
gestion mdicated that combustion of carbohydrate was as rapid m 
the patients of all types as m normal subjects The delay in the 
fall to normal blood sugar levels after glucose mgestion, noted m 
nephrosclerosis and severe glomerulonephntis, is attributable to 
some factor, such as retarded glycogen formation, other than faflure 
to bum the sugar 


AUTOPSY REPORT 

E L Moderate pcnpheral edema H> drothorax, about 1 liter Heart 
555 grams H^'pertropbicd and dilated, no valvnlar insufBaeiic% ,sbght coronaT> 
atheroma Kidnej-s Right SO grams, left 70 grams. The capsule stnpped vnth 
difhcultj exposing a \crv finel\ granular gra\'ish-\ ellov’ surface On section the 
differentiation of cortex and medulla was obscure, and the cortex narrow In 
the left kidnc> there was the scar of a large infarct 
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Uislology In many areas Uic glomeruli were reduced to hyaline scars A few 
glomeruli were of large size, showed an increase of nuclei and relative blood 
Icssness Most of tlie remainder showed epithelial crescents, hvahne and fatty 
changes in the tufts, adhesions and fibrous thickenmg of the capsule Many 
tubules had disappeared, and there were fatty changes m the epithelium of the 
remainder There w-as a great increase of the interstitial tissue and in places 
infiltration wuth small round cells The medium vessels showed hypertrophy of 
the media and intima, and the smallest vessels hyperplastic intimal sclerosis 
Diffuse hyperplastic intimal sclerosis w'as found in the pancreas, spleen and 
uterus 

JL Fluid in both pleural and in peritoneal sacs Heart 490 grams Valves 
mtact, the muscle light browm and firm Kidneys The left weighed 95 grams 
The capsule w'as shghtly adherent, the surface very pale and shghtly granular 
The differentiation of corte\ and medulla was obscure The cortical markings 
were mdistmct and the w'hole cut surface appeared pale, gelatinous and homogene- 
ous The nght kidney weighed 35 grams There was a malformation of the pel- 
vis, otherwise it was similar to the left 
Btslology Large groups of glomeruh were reduced to hyahne and fibrous scars 
In others there was epithehal prohferation, crescent formation and adhesions 
In some the capsule was greatly thickened by concentric layers of fibrous tissue 
A few w'ere comparatively well preserved but showed hyalme degeneration of the 
tufts AH the glomeruh appeared bloodless Many tubules had disappeared, 
and the remamder w^ere dilated and Imed with flattened or cubical cells The 
artenes of medium size were greatly thickened and a few of the smallest showed 
hyperplastic mtimal sclerosis There was a diffuse mterstitial mfiltration with 
connective tissue and small round cells, although a few islands contaimng the 
remainmg tubules and glomeruh had escaped this infiltration to some ectent 
Diffuse hyperplastic sclerosis was present m the kidney and pancreas 

A S Weight 45 kilos No flmd m chest or abdomen Heart 330 grams 
Mitral and aortic valves shghtly thickened but not mcompetent Kidneys 
90 grams each The capsule stnpped with great difficulty, leavmg a pale, finely 
nodular surface On section the cortex was very much reduced and the small 
artenes stood out prommently 

Histology Many glomeruh had disappeared and the remamder showed either 
hyahne degeneration or proliferation of the epithehal cells of the tufts and capsules, 
only a very few havmg escaped There were numerous large “crescents ” The 
glomeruh contamed httle blood The tubules were dilated and the epithehum 
flattened The coats of the medium and larger artenes were greatly thickened 
and the elastic lamma spht mto two or more layers The smallest artenes showed 
hyperplastic mtimal sclerosis with fatty degeneration There was a diffuse 
increase of fibrous tissue m the mterstitial spaces and localized areas of mfiltration 
with small roimd cells 
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Difruse hj’perplastic sclerosis was found m the kidne\’S, spleen, pancreas and 
liver 
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STUDIES IN SCARLET FEVER 


I Studies Conceenin’g the Blanchin'g Rhexomexon ix 
ScARiET Fevers 

By KONRAD E BIRKHAUG 

(From the Medtccl Clinics of the Johns Hopkins Hospital and Sydenham Hospital Baltirrore) 
CRccetved for publication, November 3, 1924) 

THE REIATION OF STREPTOCOCCUS HEMOLYTICUS TO SCARIET FEVER 

As early as 1895, Marmorek (1) recognized the frequency with 
which the Sfrepiococctcs hemolyiicns was present in the throat secretions 
from scarlet fever patients and mclined towards the behef that this 
organism might be the possible etiological factor m the production of 
the disease Consequently, be prepared an antistreptococac serum 
against scarlet fever by immunizmg animals with polyvalent strains 
of Sirepiococciis heniolylttics isolated from the throat secretions of 
scarlet fever patients in the acute stage of the disease Unfortunately, 
chmcal trials with the serum boded ill for its success and it was soon 
forgotten Eight years later, Tavel and Aronson (2) and Moser (3) 
re-examined Marmorek^s work and attempted to improve the latter's 
method of serum production Moser, m particular, adhered to the 
behef, that Streptococcus Iiemolyticus assoaated with scarlet fever^ 
possessed certam specific charactensbes, foragn to the streptococci 
usually foimd m other general septic conditions This behef was not 
based either on cultural or on serological findings Closer made a 
logical advance, howe\ er, m that he immunized a horse with strains 
of Streptococcus hcmoJyticus, isolated directly from the blood of fatal 
mahgnant cases of scarlet fe'ver He moculated the h\e organisms 
directly mto the horse, for fear that '‘certam specific characteristics" 
of these organisms might be destroyed or altered by canning them 
through the usual laboratory procedures Ver> promising chmcal 
trials with this serum were reported b> Closer (3), Schick (4), and a 

J Read before the Medical Soaet> of the Johns Hopkins Hospital, 3Ia> 19, 1924 
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number of observers (5) The results were particularly impressive 
in the severer toxic cases, admitted to the hospital with doubtful 
prognosis 

It was noted that ten to fifteen hours following an intramuscular 
mjection of 200 cc of tlie scrum, there was a rapid abatement m the 
toxic mamfestations, a stnking and cntical fall of the temperature, 
prompt improvement in the rate and quality of the pulse, and rapid 
disappearance of the cyanosis mth cessation of diarrhea and chills 
It was apparent to Schick (4), that tlie serum “worked essentially 
like an antitoxic serum and most stnkmgly in purely toxic cases ” 
Difficulty arose in preserving the serum, and that combmed with 
the frequency of serum sickness, contributed to its unenthusiasbc 
reception and limited use 

More recently attention has been focussed on the significance of 
Streptococcus hcniolylicus m scarlet fever and already an enormous 
hterature has accumulated on this subject The works of Tuimi- 
chffe (6), Bhss (7), Stevens (8), Gordon (9), Dochez and Shennann 
(10), and Dochez (11), are notable m this respect They have 
observed that Streptococcus beta hemolyttcus, isolated from the throats 
of scarlet fever patients, is a specific type of streptococcus, most 
readily distmgmshable by agglutination and the phenomenon of 
agglutinm absorption, from the types of Streptococcus liemolyticus 
givmg nse to angma and septic conditions m general Dick and 
Dick (12) workmg on this theory that a certain stram of Streptococcus 
hemolyttcus was the specific cause of scarlet fever, swabbed a stram 
of this orgamsm, isolated from a case of scarlet fever, on the tonsils 
of a human volunteer This resulted m what they mterpreted as a 
mild attack of scarlet fever 

Dochez (11) has recently succeeded m producmg a scarlatmal 
anti-streptococac serum by immunizmg a horse "with the specific 
type of Streptococcus beta hemolyttous found m the throats of scarlet 
(ever patients, and has observed that this serum is capable of blanch- 
mg the scarlet fever rash locally, m a more conspicuous manner than 
the serum of patients convalesmg from scarlet fever The results 
obtamed from its use by Blake, Trask and Lynch (13), mdicate 
that the serum may possess distmct chagnostic and therapeutic value 

Through the kmdness of Dr Dochez it has been possible to use the 
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specific mmiitae serum, which he has sent us, to study the blanching 
phenomenon m scarlet fever Dunng these mvestigations, it has 
seemed desirable to re-examme the abihty of (a) normal human 
serum and (b) convalescent scarlet fever serum to blanch the scarlet 
fever rash, (c) to determme the exact time at which the serum from 
patients convalesang from scarlet fever developed the power to 
blanch the scarlet fever rash and (d) to compare these results with the 
rash extmction phenomenon obtamed with Dochez’s serum 

TKK SCH U LTZ-CHARLTON PHENOilENOX 

Schultz and Charlton (14) m 1918 first observed that intracutaneous injections 
of 0^ to 1 cc, of serum from normal persons or from persons convalescent from 
scarlet fever caused a definite blanchmg of the rash m patients vnth scarlet fever 
The blanchmg phenomenon occurred within fi\ e to six hours following the serum 
mjection and the areas blanched measured from 2^ to 5 cm m diameter They 
found m a senes of fift> typical cases of scarlet fe\ er, that positive blanchmg 
reactions W'ere obtamed m fort>-four, or 8S per cent, that doubtful reactions 
occurred m five, or 10 per cent and that there wras no blanchmg m one or 2 per cent. 
The areas blanched were foxmd to persist imtil the general cranthem had faded 
A few \ears later, Neumann (15) confirmed these observabons, and noted that 
serum withdrawn from patients during the first four da>"s of an attack of scarlet 
fever, did not produce the blanching phenomenon HRimgc; (16) found m a 
senes of mneteen cases tested with con\alescent serum, that positive blanching 
reactions were obtamed m elerven, or 58 per cent At this time, Paschen (17) 
reported the results of a senes of se\ent>-one cases tested with convalescent 
serum, m which positive blanchmg reactions were obtamed m sixt>-two, or 
87 per cent 

The following year, Schultz (18) re-examined bis earher work and likewise 
confirmed the findings of Neumann He had observ ed posiU\ e blanchmg reac- 
tions with convalescent serum m 100 per cent of scarlet ferver patients tested on 
the second da\ of the disease, m 78 per cent tested on the third da> of the disease 
and m 60 per cent of five cases each, tested on the first and the fourth da> of the 
disease Cases tested on the fifth dav of the disease gave umformlj negative 
results At this time, Tron (19) reported the results of fiftj cases of scarlet fev er 
tested with convalescent serum m various stages of the disease and observed the 
blanching phenomenon in onlv ten, or 21 per cent 

Hazelhorst (20) m 1921 , obtained m a senes of fift> definite cases of scarlet fev er 
the Schultz-Charlton phenomenon m 80 per cent and reported that the tests wrere 
consistent!} negative m thirteen cases of other eruptive diseases At time, 
Stemkopf (21) found m a senes of fort} -nine cases of undoubted scarlet fever 
that positive blanchmg reactions occurred in 83 7 per cent Furthennore, 
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Mulsow (22) reported a senes of thirty eases of scarict fever tested intradermally 
with convalescent serum withdrawn from scarlet fever patients from twenty-one 
to tw'enty-eight days after the appearance of the rash, he obtained positive 
blanching reactions m 53 per cent and doubtful reactions m 10 per cent In a 
second senes of twenty cases tested intradermally with normal human semm, 
positive blanching reactions w'crc obtamed in 40 per cent and doubtful reactions 
in 15 per cent He also noted that serum from normal persons failed to produce 
the Scbultz-Charlton phenomenon in about 60 per cent of defimte cases of scarlet 
fever 

Rojo (23) in 1922 tested eighteen cases of scarlet fever with convalescent 
serum and obtained positive blanching reactions in 78 per cent Raymond (24) 
found in a senes of sevcnty-tw’o cases of definite scarlet fever that mtradermal in- 
jections of normal human scrum produced the blanchmg phenomenon in 82 per cent 
Meyer-Estorf (25) made the observation tliat the Schultz-Charlton phenomenon 
was best elicited on the second day after the appearance of the rash Toomey 
and Nourse (26) tested fourteen cases of scarlet fever with normal human serum, 
usmg 0 5 cc doses, and obtained positive blancbrng reactions m rune cases, or 
64 per cent The same number of cases were tested with convalescent serum; 
using 0 5 cc doses, and obtamed positive blanchmg reactions m onlj' three cases, 
or 21 per cent In a second senes of twenty-seven cases, usmg 1 cc doses, with 
normal human serum they obtamed positive blanchmg reactions m twenty-one 
cases, or 81 per cent and with convalescent serum they obtamed positive blanch- 
mg reactions m seventeen cases, or 63 per cent Attention was called to the 
fact that a higher percentage of positive results can be obtamed with the larger 
doses of serum Blum (27) tested sixty-four cases of scarlet fever with varying 
amounts of serum, m an effort to show that the extent of the rash extmebon was 
not dependent on the amount mjected The results of this work were inconstant 
and subject to great vanations Table 4 shows the results of the Schultz-Charl- 
ton phenomenon by other workers, together with a summary of the results of the 
work reported m this paper 

In reviewang the hterature that has accumulated concerning the 
Schultz-Charlton phenomenon one finds a difference of opimon as 
regards the value of this test On the one hand Neuman is inchned to 
regard it as a specific diagnostic phenomenon while on the other 
Tron considers it worthless m the diagnosis of doubtful cases of scarlet 
fever In a senes of closely alhed mvestigation m scarlet fever, 
it seemed desirable to re-examine the blanchmg phenomenon with 
normal human serum and convalescent scarlet fever serum m order 
that these studies rmght be compared with the results obtamed with 
the Dochez scarlatmal antistreptococac serum 
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The hlanching phenomenon with normal himan serum 

In order to test the ability of normal human serum to produce the 
Schultz-Charlton phenomenon, blood was withdrawn from six healthy 
individuals, whose past histones revealed no attack of scarlet fever 
or other general septic conditions caused by Streptococcus hemolyiiciiSj 
and whose Wassermann reactions were negative The blood was 
placed m the ice-box for 12 to 18 hours, the serum then drawn off, 
heated for an hour at 56°C and stored m the ice-box in sealed tubes 
To the tubes 0 3 per cent solution of tncresol was added 

Nme cases of scarlet fever were tested mtradennally with doses of 
1 and 0 5 cc of this serum dunng the first four days after the appear- 
ance of the rash The results of these tests are shown m table 1 
Of the total nme cases, five patients showed definite blanchmg of the 
rash at the site of mjection on the second and third day of the disease, 
while two patients showed a shght or suspiaous blanching reaction 
when tested on the second day of the disease The greatest madence 
of rash extmctions occurred on the second day of the rash, and of six 
patients tested on this day, four showed defimte blanchmg Seven 
patients were tested on the third day of the rash, m one only did a 
positive blan chin g reaction occur, though m one other patient a 
suspiaous rash extmction was noted The results were consistently 
negative when the tests were made on the fourth day of the rash 

The areas blanched were usually regular in outline round or oval m shape, 
measuring from 1 to 6 5 cm m diameter Some, howe\ er, were less shaipl> 
delimited, havmg irregular and mdcfinite edges with numerous stellate projections, 
\'ar\nng m size from 5 to 9 cm m diameter The shortest interval between 
the mjection of serum and the occurrence of definite blanchmg at the site of 
mjection was five hours, and the longest mterv al fourteen hours The blanchmg 
reaction usually persisted until the disappearance of the general rash In the 
areas blanched on the second day of the rash, no pigmentation or desquamation 
was observed, while on the third da> of the rash > ellow-brownish pigmentation 
persisted m the sLm and disappeared with the general desquamation It was 
found that the area blanched was directJ> dependent on the amount of serum 
injected and that while 1 cc of scrum produced a defimte blanchmg reaction, 
0 5 ca failed to cxtmguish the rash m the same patient Nine control tests 
with horse scrum and diphthcna anti-toim gave consistentlv negative results 
Injections of epincphnn m solutions of 1 1,000 and 1 5,000 did not produce the 
blanchmg phenomenon 
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TABLE I 


Rash cxlinclton results from intradcrmal lujccltotts of normal human scrum 


CASE 

NUUBER 

DA'k or 
RASn 

Dosn or 

SFRUlt 

I^J^CTED 

RESULTS 

I)LA^C^I^O 

TIME 

AREA 

BLANCnED 

AP^EARA^CE or AREA 



cc 


hours 

cm 


1 

3 

0 5 

+ 

6 

1 6 

Regular, round 



1 0 

+ 

5 

2 4 

Regular, round 


4 

0 5 

0 






1 0 

0 




2 

2 

0 5 

+ 

9 

1 2 

Regular, round 



1 0 

+ 

9 

3 6 

Regular, round 


3 

0 5 

0 






1 0 

0 




3 

2 

0 5 

0 






1 0 

? 

11 

4 2 

Irregular, stellate 


3 

0 5 

0 






1 0 





4 

4 

0 S 

0 






1 0 

0 




5 

1 

1 4 

0 5 

0 





1 

1 0 

0 




6 

, 2 

0 5 

1 

+ 

8 

1 0 

Regular, round 



1 0 


6 

2 5 

Regular, round 


3 

0 S 

0 






1 0 

? 

11 

6 5 

Irregular, stellate 

7 

2 

0 5 

0 






1 0 

+ 

12 

2 4 

Regular, oval 


3 

0 S 

0 






1 0 

0 




8 

2 

0 S 

+ 

8 

1 5 

Regular, round 



1 0 

+ 

8 

5 1 

Regular, round 


3 

0 5 

0 






1 0 

0 




9 

2 

0 S 

0 






1 0 

? 

14 

2 4 

Regular, round 


3 

0 5 







1 0 






Total cases, 9, positive blanching in five cases, or 56 per cent, suspiaous blanching in 


two cases, or 23 per cent 
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The blanching phenomenon vnth convalescent scarlet fever serum 

In order to compare the blanching power of normal human serum 
with that of convalescent scarlet fever serum blood was withdrawn 
from scarlet fever patients twenty to forty days after the imtial 
appearance of the rash The convalescent serum was prepared m the 
same way as the normal human serum, pooled and the mixture 
of convalescent sera used for the following tests, the results of 
which are shown m table 3 A total of sixty-five mtradermal m- 
jecbons were made m forty-two cases of scarlet fever dunng the first 
four days of the rash The amoimt of serum mjected \^ned from 0 1 
to 1 cc In a senes of mneteen patients, it was found that when con- 
valescent serum was mjected mtradermally dunng the first fifty hours 
after the mitial appearance of the rash, the blandung phenomenon was 
positive m seventeen cases, or 89 per cent, and shght or suspiaous after 
rubbmg the mjected area, m one case, or 5 per cent. In eight cases 
the mjections were made sixty hours after the imtial appearance of the 
rash The blanchmg phenomenon was positive m seven of these, or 87 
per cent and shght or suspiaous after rubbmg the mjected area, m one 
or 13 per cent In twenty-aght cases mtradermal mjection of con- 
valescent serum seventy hours after the mitial appearance of the 
rash, did not produce any effect upon the rash 

The blanched area m the positive cases vaned from 1 to 4 eta in diameter, 
the size depending directl> on the amount of the convalescent serum mjected 
into the slin In numerous instances the blanchmg was just perceptible and 
the outlme mdehmte, m others the blanched area was shaiplj delimited, round 
or oval and stood out m sharp contrast to the surroundmg erythematous skm 
WTifle 1 cc of conv^alescent serum produced a definite blanchmg reaction, 03 
and 0 1 cc, failed to extmguish the rash in the same mdrvidual and therefore the 
percentage of positive blanchmg reactions was greater tnth the larger doses 
than with the smaller amounts of serum mjected This was also observ ed m the 
reactions obtamed with normal serum 

After the blanchmg had persisted fort> to sixl> hours, there appeared, as a 
rule, a > ellowish-brown pigmentation about the site of injection, which was 
shortl> followed b> a fine, powdery -like desquamation This peclmg difi'ercd 
from the general desquamation which was scal>, the skm pcelmg off m large 
flakes In most instances the blanchmg occurred between seven and twelve 
hours after the mjcction of the scrum and persisted until the disappearance of 
the general rash 
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Fifty control tests were made with 0 1 to 1 cc of diphthena anti- 
toxin or normal horse serum These sera were mjected mtradermally 
m forty-one cases from the first to the fourth day of the rash In no 
mstance was the rash blanched by these control sera Convalescent 
scarlet fever serum failed to produce the blanchmg phenomenon in 
five cases of erysipelas, tliree cases of measles and four cases of rubella 
Initial appearance of antitoxic substance in the blood scruni of scarlet 
fever patients In an effort to determme the exact time at which 

TABLE 2 


Results of tests to determine the time at which scrum of patients convalescing from scarlet fever 
attains the power of blanching the ex anthem 


CAST 

KUMBER 

ACE 

DAY OP 
RASH 

DOSE 

OF 

SERUM 

SERIES or CONA ALESCENT SCARLET TZVZK SERA DURING THE 
FIRST TV\TL\X DA’i'S OF THE DISEASE, 

INJECTED IN TEN CASES OF SCARLET rE\'ER 

time 

OF 

blanch 

INC, 

AVER 

AGE 

1st day of 
scrum 

2nd day of 
scrum 

3rd day of 
scrum 

4th day of 
scrum 

5th day of 
scrum 

6th day of 
scrum 

7th day of 
scrum 

8th day of 
scrum 

9th day of 
scrum 

10 th day of 
scrum 

11th day of 
scrum 

12th day of 
scrum 




CC 













hours 

1 

3 

2 

0 5 

0 

0 

0 

0 

0 

0 

0 

+ 

-b 

+ 


+ 

11 

2 

13 

2 

0 5 

0 

0 

0 

0 

0 

0 

0 

0 

-b 

+ 

-b 

-b 

9 

3 

20 

2 

0 5 

0 

0 

0 

?♦ 

0 

0 

0 

0 

0 

0 

+ 

+ 

9 

4 

5 

2 

0 5 

0 

0 

0 

0 

0 


0 

0 

0 

-b 

+ 

+ 

7 

5 

6 

2 

0 5 

0 

0 

0 

o 

0 


0 

0 

0 

-b 

-b 

+ 

10 

6 

4 

2 

0 5 

0 

0 

0 

0 

0 

0 

0 

0 

-b 

-b 


+ 

12 

7 

8 

! 2 

0 5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

+ 

-b 

+ 

7 

8 

8 

! 2 

0 5 







0 

0 

0 

0 

+ 

+ 

10 

9 

8 

2 

0 S 







0 

0 

0 

-b 

-b 

-b 

7 

10 

11 

2 

0 5 







0 

0 

0 

-b 

-b 

+ 

8 


Total cases, 10, power to produce the blanching phenomenon first observed m the 
eighth day serum in one case, or 10 per cent, m the nmth day serum m three cases, or 30 
per cent, m the tenth day serum in eight cases, or 80 per cent, in the eleventh and twelfth 
day sera in all cases, or 100 per cent 

* Suspiaous blanchmg, followed by pigmentation and fine desquamation 

the blood serum from patients with scarlet fever develop the capaaty 
to blanch the rash in scarlet fever, blood was withdrawn daily from a 
senes of scarlet fever patients from the second to the twelfth day of the 
disease The serum was prepared m the same manner as that 
desenbed m the experiments wnth nonnal human serum The results 
of these tests are shown m table 2 In a senes of ten cases of scarlet 
fever tested with mtradermal mjections of the above-mentioned sera, 










KOKRAD E BIREHAUG 


281 


the first definite rash extinction reaction occurred with the serum 
withdrawn on the eighth day after the appearance of the rash This 
occurred in only one case The serum withdrawn on the ninth day 
of the disease caused defimte blanching reactions m three cases and the 
serum obtamed on the tenth day of the disease produced the blanch- 
ing phenomenon m eight cases The serum withdrawn on the eleventh 
and twelfth days produced defimte blanching m all of ten cases A 
shght or suspiaous blanching reaction occurred on the fourth day 
of the disease, but this instance was consequently ruled out, smce no 
blanching occurred m the same patient with serum withdrawn between 
the fifth and tenth days The areas of rash extmction about the site 
of injection measured about 2 5 cm m diameter and resembled m 
general those obtained with convalescent serum The areas blanched 
by the sera removed on the eighth, mnth and tenth days of the disease 
were mconstant and frequently faded twenty-four hours after the 
imtial appearance of the blanchmg, while the areas blanched by the 
sera obtamed on the ele\enth and twelfth days were much more 
stnkmg and persisted until the disappearance of the general rash 

The yianchtng phenomenon iinih Dochez^s scarlatinal antistreplococcic 

serum 

Dunng the past mne months, ninety-four mtradermal tests ha\e 
been made with Dochez’s scarlatinal antistreptococac serum in a 
senes of fifty-seven cases of scarlet fever These patients were tested 
during the first four days of the rash The results are tabulated m 
table 3 The amount of serum mjected vaned from 01 to 1 cc. 
Forty cases of scarlet fever were tested within the first sixty hours after 
the appearance of the rash Dochez’s serum produced the Schultz- 
Charlton rash extmction phenomenon m all of these, or 100 per cent 
Ten cases were tested seventy hours after the appearance of the rash, 
m only one of these, or m 10 per cent did the defimte blanchmg 
phenomenon, occur, while m three or 30 per cent suspiaous blanch- 
mg was observed WTien the test was performed eighty hours after 
the appearance of the exanthcm, blanchmg, with one possible excep- 
tion, was ne\ er observ ed 

Case no 6 (table 3) afiforded a stnLmg and mstructi\ e example of 
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TABLE 3 


Rash extinction results from iniradcrmal injections of Dochez's scarlatinal antistreptococcic 
serum and convalescent scarlet fever scrum in early cases of scarlet fever 


CASH 

KimBER. 

AOt 

VW OF 
RASU 

APPROXI 

MATP 

HOURS 

DOSE 

Dochex 

Conva 

Iwccnt 

RESDL 

Contro 

TS 

BlancWas 

time 

1 Diameter 

blanrhmg 

pochet*) 




■1 

CC, 




hours 

cm 

1 

15 

2 

H 

0 5 

+ 

+ 

0 

9 

6 0 

2 

11 

3 

Bl 

0 S 

0 

0 

0 



3 

33 

3 

70 

0 5 

0 

0 

0 



4 

3 

2 

46 

0 5 

+ 

+ 

0 

11 

8 5 

S 

21 

3 

70 

0 5 

0 

0 

0 




6 

9 

2 

35 

0 5 

+ 

+ 

0 

9 

7 5 






0 2 

+ 

+ 

0 

9 

4 8 




3 

60 

0 5 

+ 

+ 

0 

12 

5 0 






0 2 

+ 

0 

0 

14 

3 5 





70 

0 5 

+ 

0 

0 

16 

4 0 






0 2 

+ 

0 

0 

17 

2 4 




4 

80 

0 5 

0 

0 

0 








0 2 

0 

0 




7 

13 

2 

40 

0 5 

+ 

+ 

0 

14 

7 0 

j 

8 

4 

4 

80 

1 0 

0 

0 

0 



1 





0 5 

0 

0 




9 

22 

3 

70 

0 5 

, ?* 

; 0 


7 

8 0 

10 

20 

2 

45 

0 5 

+ 

+ 

0 

8 

4 0 


11 


3 

70 

1 0 

0 

0 

0 








0 5 

0 

0 





12 

6 

3 

70 

1 0 

?* 

0 

0 

11 

9 8 






0 5 

0 

0 




/ 

9 

3 

70 

1 0 

0 

0 

0 



1 




0 5 

0 

0 





14 

6 

3 

70 

1 0 

0 

0 

0 








0 5 

0 

0 




15 

5 

2 

40 

0 5 

+ 

+ 

0 

16 

4 6 

16 

6 

3 

60 

0 5 

+ 

?* 

0 

15 

9 0 

17 

6 

2 

35 

0 5 

+ 

+ 

0 

12 

4 8 

J 

18 

8 

3 

55 

1 0 

+ 

+ 

0 

8 

9 2 






0 5 

+ 

+ 

0 

9 

4 6 

19 

4 

2 

40 

0 5 

+ 

+ 

0 

14 

6 8 


8 

2 

45 

0 5 

+ 

+ 

0 

17 

4 4 

21 

2 

2 

40 

0 5 

+ 

+ 

0 

16 

11 2 


22 

12 

2 

30 

0 5 

+ 

+ 

0 

12 

7 5 






0 2 

+ 

?* 


12 

4 2 






0 1 

+ 

0 


12 

2 6 

23 

9 

2 

40 

0 5 

+ 

+ 

0 

9 

9 1 
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TABLE 3 — CcnUnmd 


CASZ 

KXJVBCS. 

ACE 

PATOE 

KASH 

Apraoxi' 

VATE 

Hcmas 

DOSE 

EESUEI3 

Eochez 

OmvA- 

Icscenl 

1 

Control 

Blmchfag 

tme 

Dtcaetcr 

of 

blanclimr 

CDochcz's) 





cc. 


■1 


hours 

ecu 

24 

9 

2 

45 

0 5 

4" 

B 

0 

11 

7 0 

f 25 

15 

3 

60 

1 0 

+ 

B 

0 

12 

7 3 

1 




0 5 

i + 

1 0 


12 

3 2 

26 

3 

4 

90 

1 0 

, 0 

0 

0 







0 5 

0 

0 




r 27 

4 

4 

85 

1 0 

0 

0 

0 



1 




0 5 

0 

0 

0 



28 

20 

3 

60 

0 5 

+ 

; 4- 

0 

12 

9 0 

/ 29 

8 

4 

90 

1 0 

0 

0 

0 



1 




0 5 

0 

0 

0 



30 

13 

3 

52 

0 5 

+ 

4- 

0 

13 

5 4 

r31 

33 

2 

30 

0 5 

4- 

4- 

0 

14 

7 2 





0 2 

4- 

4- 

0 

14 

3 8 

1 




0 1 

4- 

0 

0 

14 

2 3 

f 32 

3 

1 

22 

05 

4- 

4- 

0 

16 

3 2 





02 

4- 



16 ! 

1 7 

1 


1 


i 0 1 

j- 



16 ! 

1 3 

/ 33 

24 

3 

50 

0 4 

4- 


0 

18 

5 0 

1 




0 2 

+ 



18 

4 2 

34 

8 

2 

34 

1 04 

+ 


0 

9 

4 0 

35 

13 

3 

1 

0 4 

+ 

_L 

0 


7 6 

36 

i 8 

2 

36 

0 3 

4- 

0 

0 


5 4 

37 

1 30 

2 

40 

0 4 

4- 


0 


4 0 

38 

1 11 

4 

SO 

0 5 1 

?* 

0 

0 


6 4 

39 


2 

38 

0 4 i 

+ 


0 


7 2 

/ 40 


5 

100 

1 0 1 

0 





1 




0 5 1 

0 





41 


3 

56 

0 5 1 

4- 



8 

7 0 

f42 

10 

2 

42 

0 5 ' 

4- 




9 2 





0 2 

4- 



WM 

4 0 

1 




0 1 

4- 1 




2 3 

f 43 

5 

5 

100 

1 0 

0 



■■ 


1 




0 5 

0 ; 





f44 

12 

2 

38 

0 5 

4- ' 




9 0 

\ 




0 1 

4- ' 



■9 

2 4 

f45 

11 

3 

50 

1 0 

■■ 

+ ' 


B 

8 3 

1 




0 5 

■■ 

4- ’ 



5 2 

r 46 

3 

3 

55 

0 5 

B 

+ ! 

■■ 

■B 

7 4 

\ 




0 1 

■1 

0 

■I 

la 

i 1 6 
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TABLE 3 — Concluded 


CAsr 

nuitber. 

AGE 

DAY or 
RASn 

ArPROXI 

IfATE 

HOURS 

DOSE 

RESULTS 

Dochez 

Conva 

Icsccnt 

Control 

Blanching 

time 

Diameter 

of 

blanchmg 

(Dochca's) 





CC 




hours 

ciru 

i 

47 


1 

14 

0 5 

+ 



6 

6 1 


f 

1 




0 2 

+ 



6 

3 3 


1 

1 

1 



0 1 

+ 



9 

1 6 

i 

f 48 

15 

3 

56 

1 0 

+ 



12 

5 6 


1 




0 5 

+ 

1 


12 

2 0 

f 49 

1 6 

3 

60 

0 5 

+ 



13 

3 2 

1 




0 2 

+ 



13 

1 4 

f so 


3 

55 

1 0 

+ 



9 

3 0 

1 




0 2 

0 





51 


4 

90 

1 0 

0 

0 



1 

52 


4 

90 

1 0 

0 

0 




53 


2 

30 

0 5 

"h 

+ 


9 

4 7 

54 


2 

40 

0 5 

+ 

+ 


11 

64 

55 


2 

46 

0 5 

-b 



7 

4 9 

56 


2 

35 

0 3 

+ 



9 

7 1 


57 

39 

3 

70 

1 0 

0* 

0 









0 5 

0 






* Suggestive blanching after rubbing the area injected 


the blanching phenomenon, following intradennal mjeebons of equiv- 
alent doses of convalescent serum and Dochez’s serum, dunng the 
second, third and fourth day of the disease A comparative study of 
twenty mtradermal mjections was made in this patient When doses 
of 0 5 and 0 2 cc of convalescent serum and Dochez’s serum were 
mjected mtradermally about 35 hours after the onset of the rash, 
positive blanchmg reactions were obtamed withm rune hours following 
the mjections, the size of the areas blanched varying directly with 
the amoimt of serum inj'ected A dose of 0 5 cc of Dochez’s serum 
produced a blanched area measunng 7 5 cm m diameter, and a smaller 
dose of 0 2 cc blanched an area measunng only 4 8 cm in diameter 
Sixty hours after the onset of the rash, positive blanchmg reactions 
occurred both with convalescent serum and Dochez’s serum with a 
dose of 0 5 cc withm 12 hours after the injection, and the area blanched 
measured 5 cm m diameter with Dochez’s serum and only 2 6 cm 
with the convalescent serum With a dose of 0 2 cc of convalescent 
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serum, no blanching reaction uas obtamed 60 hours after the appear- 
ance of the rash, while the same dose of Dochez's serum contmued to 
produce the blanchmg phenomenon \vithm fourteen hours following 
the mjection, the area blanched measurmg 3 5 cm in diameter 
Se% enty hours after the onset of the rash, similar doses of 0 5 and 0 2 
cc of comalescent serum and Dochez^s serum were mjected mtra- 
dermall} Injections made wnth con\alescent serum failed entireK 
to produce the blanching reaction while Dochez’s serum produced 
posltl^e reactions wnthin 17 hours after injections of 0 5 and 0 2 cc 
doses the former dose producmg a blanched area measuring 4 cm m 
diameter and the latter dose an area measunng 2 4 cm m diameter 
Eight} hours after the onset of the rash tests made with conMilescent 
serum and Dochez’s serum were consistent!} negati\e 

A. noticeable difference was obser\ ed m the size of the areas blanched 
with normal human serum, conialescent scarlet fe\er serum and 
Dochez’s serum (fig 1) when the same amount of serum was mjected 
intradermalh , in three situations in close proximit} one to the other 
There appeared simultaneous!} at the site of the three injections 
within nine hours three definite!} blanched areas regularl} edged and 
circular in shape, but of different sizes The area blanched b} the 
normal human scrum measured 2 2 cm m diameter, the area blanched 
b} the con\alescent serum 2 4 cm m diameter and the area blanchcil 
b\ the Dochez serum measured 4 8 cm in diameter • These tc^ts 
were repeated sixt} hours after the onset of the rash when doses of 0 2 
cc were injected intradermalh Fourteen hours followmg the in- 
jection there appeared a definite ra^ah extinction m the area injecte^d 
with Dochez’s scrum regular in outline and arcular in shape, measur- 
ing 4 cm in diameter Xo reaction was noted m the areas injected 
with normal human serum and con\alescent scarlet fc\cr serum 
\s was noted In Blake, Trask and L}nch (13) no pigmentation or 
de‘>quamation w as observ ed dunng con\ alcsccnce in the areas blancheal 
within twcnt\-four hours after the appearance of the exanthem 
When the Vests were made on the succeeding da\s of the disease, 
there was noted dunng conealcsccncc a faint % ellowash-browai dis- 
coloration o\cr the blanched area which otten desquamated m fine 
powder} -like fragments before general desquamation occunreil 



I 



Fig 1 Areas of Blanchusg Following Iistradermat Injections of 0 2 CC 
OF (top) Normal Human Serum, (middle) Convalescent Scarlet Fever 
Serum and (bottom) Dochez’s Scarlatinal Antistreptococcic 
Serum, Nine Hours after Infection 
286 
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Ihc areas blanched h\ Dochez's serum presented a great \antt\ of shapes 
^lost of them \verc regular round or o\aI and sharph accentuated b\ the sur- 
rounding enthematous skin Frcquentl\ the areas were irregular sho^Mng 
lingcr-likc projections (figs 2 to 5) The tips of these extensions seemed to fol 



I lo 2 \ri \ OF liLWcniNO Tollouing I\nL\DLPii \i Inti f TioN or 0 5 C C or 
Docin 7 b Sc \RI^TI\ \L \\TIbTrFPT*K(K CK PI ItJ\L' IlfJLIb 

\fTFR\\ ARDS 

(tm iIr course of the Kmplntic^ ind often mea-urLd 9 to 12 cm in their Ion;,e-^t 
diameter Ihc blanching phenomenon u-ualb reached il- height tilte-en to 
t\\cnl\ four hours after the injection of the "irum The area i)Ianching \ aned 
from 2 ^ to II 2 cm in diameter the “^i/e depending direeth on the amt)jnt ol 
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llie stniiii mjcclcd into llic skin .ind tlit diiritioii of tlic rash The shortest 
uKorViil liolwoLii the iiUradcrmal injection of Doclie/’s serum and the appearance 
of biaiicliiiig was 6 liours ind the longest internal IS hours 

About SO ])er cent of the rash o\tmction tests persisted until the 
tlisappeciraiice of the general rash l^ifty-onc control tests nerc made 



Fic 3 Same Area Thirteen Hours After Injection 

mtradernially with equivalent amounts of diphtheria anti-to\in and 
normal horse serum In no mstance was the rash blanched by these 
control sera Dochez’s serum failed to produce the blanching phe- 
nomenon m seven cases of erysipelas, four cases of measles and si\ 
cases of rubella 
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Pscudo-rcaclion A peculiar reaction occurred in case no 12 (table 
3) tested mtradermall} ^\nth Dochez’s serum se^ent\ hours after the 
appearance of the cxanthem The amount ot serum mjected '^as 1 cc 
T\\ehe hours follo\\nng the injection^ there appeared in the area 



Fig 4 Svme \Rr\ Lic.utef\ Huip^ irti f iN/EcrroN 

injected an intense cr>thema foil(A\ed h\ markcrl h\j)cremia in the 
undcrhing skin The redne^^'^ rajudh cMended in all directions, until 
tN\cnt\-si\ hour^ following the injection it attained] a dnmetcr of 9S 
cm \Mth a definite re^rl margin digluU r«ii=ed iboec the "uriace of the 
surrounding skin \t this time a deiinite /one oi blanching \ 
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obscncd along tlie edges, of Ihe er} tlicmatous area, slowly working 
its way to\\ards the center of tins .irc.i iHirU'-cight hours after the 
injection of the scrum, the ccntr.il cr} thcina Mas faded and the entire 
area appeared definitely blanched ^''csiculation of the surface epilhe- 



Fig 5 Same Area Tiventy-eour Hours aeter Injection 

hum m this area was observed on the following day No residual pig- 
mentation was noted after the disappearance of the general rash 
The combmed reaction in this case strongly suggested a local hyper- 
sensitiveness to the non-toxic proteins of the horse serum, the effectof 
which at first prevented tlie blanching phenomenon 
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DISCUSSION 

These observatioiis are confirmatory of previous work and show 
further that Dochez’s antistreptococac serum possesses s i milar proper- 
ties to those contamed m normal human serum and convalescent 
scarlet fever serum The blanching phenomenon was obtamed m 
this senes with great regulanty durmg the first and second day after 
the appearance of the rash, when mtradermal tests were made with 
normal human serum, convalescent scarlet fever serum and Dochez’s 
serum m scarlet fever patients An important quantitati\ e difference 
was noted between strength of normal and con\’alescent serum and of 
Dochez’s serum, for while normal serum and convalescent serum 
failed to produce the blanching phenomenon after the second day of 
the rash, Dochez’s serum contmued to blanch the exanthem until the 
fourth day of the rash It was likewise observed that the blanching 
phenomenon was best obtamed on the second day after the imtial 
appearance of the rash, and rapidly diminish ed durmg the third day, 
until the capaaty to blanch the rash was completely lost on the fourth 
day of the rash This occurrence, one might venture to explain, is 
occasioned by an hypothetical specific toxm so fixed m the tissues, 
followmg a certam time of exposure to the disease, that it is not readily 
neutralized by the h3rpothetical antitoxic substance present in the 
normal human serum, convalescent scarlet fever serum or Dochez’s 
serum Considerable importance and therapeutic value may be 
attached to the difference m potency of blanching properties con- 
tamed m these three sera m producmg the Schultz-Charlton rash 
extinction phenomenon durmg the second and third day of the disease, 
and this difference may serve to estabhsh a rough quantitative measure 
of specific antitoxic capaaties contamed m each of these three sera 
It IS apparent that Dochez’s serum not only produces the rash extmc- 
tion phenomenon later m the disease than the other two sera, but that 
It also blanches considerable larger areas of rash than does either the 
normal human serum or the convalescent serum These results 
mdicate that Dochez’s serum contains the same specific substance 
which IS demonstrable m the normal human serum and con\*alescent 
scarlet fc\cr serum but that Dochez’s serum possesses this specific 
proper!} in a much greater concentration, than is demonstrable m 
cither normal human serum or comalescent serum 
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It was, furthermore, demonstrated that the blood serum of scarlet 
fever patients acquired the capaaty to blanch the rash in scarlet 
fever about the eighth day after the onset of the disease This 
mdicates, m so far as may be ascertamed by clinical methods, that 
suffiaent antitoxic substance is produced m the body at this stage of 

TABLE 4 


Results of the Schultz-Charlton phenomenon by other worhers 


AurnoR 

U ^ 

Dosns 

CON\AtESCENl 

BLRXm 

- NOR- 
MAL 
SERUl! 

dochez’s serum 

I 



cc* 

per cent 

per 

cent 

per cent 

Scbultz-Charlton (IS) 

so 

0 5-10 

88 



Hainiss, E (16) 

19 

0 5-10 

58 



Paschen, E (17) 

71 

0 5-10 

87 

100 (2d) 



Schultz, W (18) 


0 5-1 O' 

78 (3d) 
60 (4d) 



Tron, G (19) 

50 

0 5-10 

21 



Hazelhorst, G (20) 

so 

0 5-10 

80 



Stemkopf, C (21) 

49 

0 5-10 

83 7 



Mulsow, F W (22) 1 

30 

0 5-10 

53 



20 

0 5-10 

40 


Rojo, D J (23) 

18 

0 5-10 

78 



Raymond, H (24) 

72 

0 5-10 

82 




14 

0 5-10 

21 

64 



27 

1 0 

63 

81 


Toomey and Nourse (26) ** 

8 

0 5 

0 

SO 



8 

1 0 

50 

63 



18 

1 0 


100 


Blum, J (27) 

10 

0 5 

60 



Blake, Trask, Lynch (13) 

13 

0 02-0 5 



100 

f 

9 

0 5-10 


67 


Birkhaug, K E ^ 

27 

0 2-1 0 

89 


100 (60 hours) 

S7 

0 2-1 0 




40 (70 hours) 


0 (80 hours) 


the disease to be detected m the circulating blood It is important^ to 
note that this is simultaneous with the onset of convalescence and the 
return of the blood-picture to normal, which suggests strongly that 
the toxic substance is neutralized completely by the antitoxic sub- 
stance, which at this time occurs m such excess m the cmculatmg 
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blood of the patient that the serum is capable of producmg the 
Schultz-Charlton rash extmction phenomenon upon the scarlet fever 
rash of other patients 

sroniARY 

1 Serum from normal persons, without history of scarlet fever or 
general septic infections, produced the Schultz-Charlton rash extinc- 
tion phenomenon m four of six cases tested on the second day of the 
rash and m one of seven cases tested on the third day of the rash 

2 Serum from convalescent scarlet fever patients produced the 
Schultz-Charlton rash extmction phenomenon m twenty-four of 
twenty-seven cases tested, or 89 per cent, durmg the first sixty hours 
of the rash but did not cause blanching seventy hours after the appear- 
ance of the rash 

3 Dochez’s serum produced the Schultz-Charlton rash extmction 
phenomenon m forty cases, or 100 per cent, durmg the first sixty 
hours of the rash It contmued to produce blanchmg se\’’enty hours 
after the appearance of the rash, but did not blanch eighty hours 
after the appearance of the rash This mdicates that Dochez^s 
serum possesses the same specific propert}’' that is found m normal and 
convalescent serum but contains this specific property m considerably 
greater concentration 

4 Blood serum from scarlet fever patients first showed the property 
of producmg the Schultz-Charlton rash extmction phenomenon about 
the eighth day of the disease 

5 Epmephnn, normal horse serum and diphtheria antitoxm failed 
consistently to produce the Schultz-Charlton rash extmction phe- 
nomenon m scarlet fever 

6 Normal human serum, convalescent scarlet fe\er serum and 
Dochez’s serum failed consistently to produce blanchmg reactions m 
other eruptive diseases 

7 Rash extmction areas were directly proportional m size to the 
amount of serum mjected 

The author wishes to acknowledge his mdebtedness to Dr H L 
Amoss for his kmd assistance and \’aluable cntiasm m all the phases 
of these studies and to Dr B ^lacgowan for the pmilege of makmg 
these m\esbgations at S>denham Hospital. 
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BLOOD PIGiMENTS IN PERNICIOUS ANEMIA 
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(Received for publication, No'v ember 6, 1924) 

The conception of pemiaous anemia as a disease associated with 
mcreased blood destruction has been widely accepted, but the problem 
of the mechanism mvolved m the destructive process has given rise 
to much debate The subject demands further study and a pre- 
limmary note on one phase of the mvestigations gomg on m this 
laboratory has already been published (1) Phagocytosis of red cells 
m the bone marrow and hemol 3 miph nodes of active cases of per- 
maous anemia was found to be a stnLmg phenomenon Observations 
on the blood pigments and their possible significance m relation to 
blood destruction will be discussed m the present commimication 
Particular attention has been directed to the vanations m the amount 
of bilirubm m the blood plasma m different stages of the disease m 
patients who could be followed over long penods of tune 


METHODS AND TECHNIQUE 


Plasma bilirubm was quantitated b> the method of van den Bergh and Snapper 
(2), an adaptation of the diazo reaction of Ehrhch This procedure, while some- 
what more labonous than the usual dilution methods, has the ad\'antage of greater 
accurac}'^ m that hpochrome, hematm, hemoglobm and ahmentan hpemia do not 
mterferc with the quantitation The technique described b\ \ an den Ber^ and 
Snapper was followed closel\ with one exception, it was found that better results 
were obtamed with a more concentrated diazo reagent. The reagent used m these 
observ'ations was made up as follows 


Solution 1 
Sulfanibc aad 
Concentrated HCl 
Distnicd H O 
Solution 2 
Sodium mtntc 
Distilled H 0 


4 5 grams 
50 cc, 
450 cc. 

5 grams 
500 cc. 
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Immediately before use, one part of solution 2 is added to fifty parts of solution 1 
In addition to tins reagent two other solutions are required 

Standard solution of bilirubin 

Bilirubin 0 025 grams 

Chloroform 100 cc. 

Bicarbonate alcohol solution 

NaCl , 1 5 grams 

NaHCOj dissolved m 132 cc distilled HjO 0 3 grams 

When solution is complete 36S cc of 96 per cent alcohol is added 

The quantitation is done in the following manner Five cubic centimeters of 
blood arc withdrawn from the patient’s vein and placed in a tube containing one 
drop of 20 per cent potassium oxalate solution The lube is corked, gently inverted 
several times, centnfuged, and the supernatant plasma removed One cubic 
centimeter of the latter is measured into a second tube and 2 cc of 96 per cent 
alcohol added They arc mixed by mversion and centnfuged for ten minutes at 
2800 r p m Two cubic centimeters of the supernatant flmd are then measured into 
a tube and 0 5 cc of freshly prepared diazo reagent added Fmally 2 5 cc. of 
96 per cent alcohol are added to the tube to dear up the fatty aad doud A pur- 
ple color devdops m the presence of bilirubm and the mtensity is read in a colonin- 


eter agamst the following standard 

CC 

Bicarbonate alcohol solution 4 9 

Standard solution of bilirubin in chloroform 0 1 

Diazo reagent 1 25 

96 per cent alcohol 6 25 


If the unknown solution be set at 10 mm the readmg of the standard m centi- 
meters multiplied by 1 1 gives plasma bihrubm m miUigrams per 100 cc 

In addition to the quantitative method just desenbed, van den Bergh, some- 
what later (3) devised the so-called “direct” diazo reaction as a means of distin- 
guishmg jaundice due to hver mjury from that associated with certam anemias 
and congemtal hemolytic jaundice 
The test is performed as follows 

To 1 cc of plasma are added 2 cc of distilled water and 0 8 cc of freshly pre- 
pared diazo reagent The contents of the tube are at once mixed by mversion and 
the time of development of a distmct purple color is noted If the purple color 
is seen withm one minute the reaction is “prompt ” If it requires more than a 
mmute but still occurs the reaction is spoken of as “delayed ” If no purple color 
appears the reaction is “negative ” Accordmg to van den Bergh’s mterpretation 
a “prompt” reaction denotes jaundice due to hver damage, and a “delayed 
reaction, jaundice due to blood destruction 

The majonty of the hemoglobin determmations were made by the method of 
Newcomer (4) The color value of the glass standard was controlled by reading 



BROUN, AlIES, WARREN AND PEABODY 


297 


against it a number of specimens of blood the hemoglobm content of Trhich had 
been detennmed by the Van Slyke (5) oxygen capaaty method The hemo^obm 
readmgs given are m terms of the Haldane scale On this scale a hemoglobm 
readmg of 100 per cent corresponds to an ox\gen carrjTng capaaty of 18 6 cc. 
and a hemoglobm content of 13 8 grams per 100 ca of blood Some of the earher 
detennmations 'were made by the Sahli method Red blood cell coxmts 'were made 
m duphcate 'with Ha> em’s fluid as the dflutmg medium 

Examinations for hemo^obm and hematin m the plasma were made with a small 
spectroscope. 

Lipochrome 'was extracted from the plasma b> shaking 'with ether and this 
extract 'was used m subsequent examinations 

BIASMA BIURUBIN VALUES IN PERNICIOUS ANEMIA AND VARIOUS 

OTHER ANEMIAS 

Increases lu the plasma bflirubm m cases of permaous anemia 
have been reported by van den Bergh and other observers (6) (7) 
A series of such observations on 28 cases is shown m table 1 A large 
number of observations, made with the same technique and standards, 
on normal mdiiuduals and unjaundiced hospital patients have gi\en 
values vaiyung between 0 1 and 0 7 mg of bflirubm per 100 cc of 
plasma The cases of permaous anemia, therefore, show mcreases 
which m some cases are shght, (e g cases 16, 17, 20 and 22) and m 
other instances are well marked (10, 12, 13, 14, 15, 19, 24, 25, 26, 27 
and 28) Cases 1, 2, 3 and 6 show only moderate mcreases but 
these, at the tune of observation, were dimcally m a stage of remission 
It IS evident that there is httle direct relation between the quantity 
of bflirubm present m the plasma and the level of the red coimt of 
different cases 

It will be noted that the direct diazo reaction is alwa> s ^ ‘dela> ed ” 
In no mstance was a ^‘prompt” direct diazo reaction obtamed durmg 
hfe on a case dimcally typical of permaous anemia Two specimens 
of plasma obtamed several hours post mortem ga\e ^‘prompt’’ direct 
reactions but a terminal hver lesion could not be definitd} ruled out. 

The mcrease m plasma bflirubm m permaous anemia is often of 
diagnostic importance Table 2 gives the findmgs m cases of second- 
z.vy anemia due to \'anous causes Anemias accompanying ne- 
phntis, tuberculosis, acute or chrome hemorrhage, and mahgnant 
tumors give normal or low plasma bflirubm Milues except m the 
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cases where there is jaundice due to a liver or bile duct lesion In 
cases 40 and 41 , where carcinoma involved the bile ducts, this condition 
prevailed and the j'aundice could easily be distinguished from that of 
pernicious anemia by the occurrence of a “prompt” direct reaction 

TABLE 1 


Plasma hthruhtn in pernicious anemia 


Case number 

Kcd corpuscles 

ITcmoKlobm 
(irafdane Scale) 

^*Dircct^' diato 
reaction 

Plasma bflimWQ 


milhonspcrcu rnm 

per cent 


trff per 100 cc 

1 

4 128 

105 

Delayed 

1 1 

2 

2 392 

76 

Dcla>cd 

0 8 

3 

2 136 

59 

Delayed 

1 0 

4 

1 992 

50 

Delayed 

2 2 

5 

1 840 

50 

Delayed 

1 2 

6 

1 704 

61 

Delayed 

1 1 

7 

1 600 

38 

Delayed 

1 8 

8 

1 500 

42 

Delayed 

2 0 

9 

1 420 

30 

Delajed 

1 7 

10 

1 208 

35 

Delayed 

2 2 

11 

1 200 

24 

Delayed 

1 5 

12 

1 192 

35 

Delayed 

2 0 

13 

1 072 

30 

Delayed 

2 3 

14 

1 028 

35 

Delayed 

2 0 

15 

0 936 

30 

Delayed 

3 3 

16 

' 0 928 

35 

Delayed 

1 0 

17 

0 888 

26 

Delayed 

1 0 

18 

0 850 

20 

Delayed 

1 3 

19 

0 848 

22 

Delayed 

3 4 

20 

0 824 

22 

Delayed 

1 0 

21 

0 656 

19 

Delayed 

1 9 

22 

0 640 

14 

Delayed 

1 0 

23 

0 592 

23 

Delayed 

1 9 

24 

0 584 

17 

Delayed 

2 3 

25 

0 569 

16 

Delayed 

2 S 

26 

0 480 

17 

Delayed 

4 0 

27 

0 472 

12 

Delayed 

2 8 

28 

0 456 

10 

Delayed 

2 5 


Other types of anemia, however, as shown in table 3, may pve 
plasma bihrubm findmgs which are mdistmguishable from permaous 
anemia. Case 42, with a history suggestive of congemtal hemoly^c 
jaundice, showed a high reticulated red cell count, a marked ane^^a, 
and a plasma bilirubm distmctly above normal, which gave a de- 
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TABLES 

Plasma bUtruhtn tn secondary anarta 


Case 

DTzmbcr 

Red 

coTpTisclea 

Hemo- 

dobm 

(Haldane 

Scale) 

*T>frcct" 

reaction 

Plasma 

1 bilirubm 

Dugnems 


rrJUhnj 
ptreu mru 

per cent 


1 irt per 

1 100 cc. 


29 


32 

Ncgati\e 

0 

1 Cluonic nephntia 

30 


25 

Negati\ e 

0 

Chrome nephnUs 

31 

, 4 360 

63 

Negative 1 

0 3 

Pulmonary tuberculosis 

32 

, 2 640 

60 

Negative * 

0 1 

Pulmonary tuberculosis 

33 

1 5 272 

42 

Negative ' 

0 3 

Bleeding hemorrhoids 

34 

1 2 360 

33 

Ncgati\ e ! 

0 2 

Bleeding hemorrhoids 

35 

1 1 264 

30 

Ncgame 

0 1 

Bleeding duodenal ulcer 

36 

1 3 672 

38 

Negati\ e 

0 1 

Band’s disease. Gastric hemorrhage 

37 

1 2 672 

45 

Negative 

0 3 

Primary carcmoma of kidney, with 






h\er metastases, not obstructing 
the larger bfle ducts 

3B 

1 820 

21 

Negati\e 

0 1 

Caronoma of sigmoid 

39 

2 792 

51 ' 

Negati\ e 

0 1 

Rhabdom> osarcoma involving pleura. 





1 

pericardium and other thoraac 
structures 

40 

2 880 

25 

•Trompt” 

2 0 

Caronoma of stomach with h\er 






metastases 

41 

3 170 

48 

‘Trompt” 

9 6 

C^aronoma of head of pancreas m- 






\ olving the common bile duct 


TABLE 3 


Anemtas mth plasma hthruhtn, findings similar to pernicious anerria 


Case 

QQmbcr 

Red 

coTpnscles 

Hemo* 

rlobin 

(Haldane 

ScUe) 

T)irtct” 

dmo 

reaction 

Plasma. 

blUmbln 

Diagnosis 


mUlions 
percu nn 



nr 

100 cc. 


42 

2 000 


Delated 

2 7 

Familial bemolj'tic jaundice 

43 



Delated 

1 2 

Sprue 

44 


mm 

Delajed 

1 3 

Anemia following alcohohe intoxi- 






cation 

45 

3 808 

so 

Delajed 

2 0 

LjTupbaticleukcmia 

46 

2 208 

40 

Delated 

0 5 

Post partum anemia 

47 1 

1 174 

24 

Dela>'cd 1 

0 8 

Subacute bacterial endocarditis 

48 

2 690 

49 

Dela>ed 

0 9 

Subacute bacterial endocarditis 

49 


82 

Dclaj-cd 

1 0 

Typbmd fe\ er 

50 

4 840 

112 

Dclaj'cd 

1 1 

Lob ar p n cum 0 nia 
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laycd direct cliazo reaction Case 43, of tropical sprue, contracted 
in the^ Phillipine Islands, presented a blood picture very similar to 
pernicious anemia and the plasma bilirubin findmgs are of the same 
type. Case 44, apparently developed an acute hemolytic anemia 
after an alcoholic debauch on liquor of doubtful quahty From this 
anemia he quickly recovered, and the blood bilirubm at the same tune 
returned to normal limits A case of lymphatic leukemia (no 45) 
gave high blood pigments but a blood picture typical of the leukemic 
condition The post-pregnancy anemia (no 46) is listed here because, 
while giving normal pigment values, the case resembled permdous 
anemia closely in other respects Subacute bactenal endocarditis, 
t3q>hoid fever, and pneumonia may at times give shghtly increased 
blood bilirubin as shown in cases 47, 48, 49 and 50 It should be 
mentioned here that some cases of pneumoma and streptococcus 
sepsis with jaundice, give a ^'prompt” direct diazo reaction In such 
cases focal necrosis of the liver probably occurs as a comphcation 
The evidence mdicates, however, that anemias of the general types 
included in this table, while differing widely in their cluneal and patho- 
logical pictures, may all be associated with an increase of blood 
destruction 

VARIATIONS IN PLASMA BILLRUBIN AT DEFFERENT STAGES OF 
PERNICIOUS ANEMIA 

The chief value of the present study depends on the fact that it 
was possible to make numerous observations on many of the patients 
over long penods of time and at different stages of the disease Re* 
peated determmations of plasma bilirubm m mdividual cases of 
permcious anemia show considerable fluctuations which usually bear 
a distinct relation to the clinical condition of the patient The 
onset of a period of diarrhoea or a distmct mcrease m pallor and 
weakness are often accompamed by a nse m plasma bihrubm above 
the previously existmg level for that patient When followed over 
a period of months a certam general reaprocal relation between the 
bilirubm curve and that of the erythrocyte counts and hemoglobin 
will be seen During penods when the red cell count and hemoglobin 
are decreasmg, a nse m blood bihrubm is noted, while an mcreasmg 
red count is usually accompanied by a return of the plasma pigment 
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Hcd 

corpasdca 

Heno^bm 

(Hxliuic 

Scale) 

rr^ions f€r 
cu rrtfu 

fer ctni 

0 840 

35 

0 592 

23 

1 496 

38 

1 304 

43 

1 680 

50 

1 560 

30 

1 080 

27 

0 956 

25 

1 388 

45 

0 584 

17 

1 280 

26 

0 724 

19 

1 336 

30 

1 152 

34 

0 664 

22 

1 272 

28 

t 944 

61 

2 296 

1 78 

2 320 

64 

0 968 

42 

0 736 

32 

0 600 

20 

0 416 

14 

1 824 1 

35 

4 000 

79 

3 288 

69 

2 520 

94 

2 696 

84 

2 496 

88 

3 504 

67 

2 976 

78 

2 360 

66 

1 728 

59 

1 408 

37 

0 656 

35 

0 680 

19 

0 4S0 

17 


Fhsmx 

bflirabiii 


Transfused 


Transfused 


Transfused 


Transfused 


Transfused 


Transfused 


Transfused 
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TAPI E A-Concluici 


Ca<c 

number 


28- 


of 

ob*?crvation 

Red 

corpuscles 

Hemoglobin 

(Haldane 

Scale) 

ria^ma 

bilirubin 


milUom per 
cu mm 

per cent 

n< fier 

100 cc 

1 

1 000 

18 

2 0 

19 

0 804 

16 

2 2 

22 

1 472 

22 

0 4 

37 

3 328 

60 

0 3 

49 

2 168 

68 

0 2 

57 

2 704 

60 

0 3 

218 

0 888 

23 

1 8 

228 

0 592 

15 

2 0 

229 

0 456 

10 

2 5 


Transfused 

Transfused 


Rcmarlj 



Days JO 20 30^ 50 60 70 80 90 100 110 120 130 i'JO 150 160 170 120190200 


Fig 1 Case 15 Vaeiations in Plasma BrunuBiN, Red Blood Coepuscles, 

AND Hemoglobin 
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to more nearly normal levels As might be expected, occasional 
exceptions to this generalization are met witiu 



Fig 2 Case 26 Variatiovs in PiASiiA Biupubin, Red Blood Corpuscles, 

ANT) Hemoglobin 

The findings m a number of t>"pical cases are shown m the ac- 
compan>nng table (table 4) and charts (figs 1 , 2, 3 and 4) 
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Case 1 (table 4) was at one time a sc\ ere ease of pernicious anemia but has now 
been in remission for several jearb The plasma bilirubin values arc at tunes 
normal, at limes sliglith elevated 

Case 2 (table 4) never showed a vcr> active hemolytic process Neurological 
sjmploms ahvav s predominated A small rise in plasma bilirubin occurred at one 



Fig 3 Case 27 Variations in Plasma Biltrubin, Red Blood Corpuscles, 

AND Hemoglobin 


period marked clinically by severe diarrhoea, and accompamed by a veiy slight 
decrease m red count and hemoglobm The low bdirubm value on the 85th day 
was mdeed observed at the tune when the hemoglobin was lowest, but it marked 
the beginnmg of a penod of clinical improvement which has contmued without 
mtemiption to the present tune 

Case 3 (table 4) had suffered from a severe anemia but these observations were 
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made during a penod of remission It is mteresting tiiat at times a low color 
index was found The final observations seemed to mdicate a return of the anemia 
accompamed by an mcrease of plasma bihrubm The case did not return for 
observation after this time 

Case 6 (table 4) presents more variation from the usual trend of the cur\ es than 
has an> other case so far observed He entered with a serv ere grade of anemia and 
during the penod of observation went mto a partial remission. On the 127th day 
of observation a distinct nse m pigments is noted. This occurred, contrary to the 
usual rule, dunng a penod of apparent improvement A marled nse m reticu- 



X)ays 1020 3011 50 6070 &0 90 100 110 IZOIJO 1^150 IK TO 130^200250^^^ 


Fig 4 Case 28 Variations is Pl.\sya Bilirubin, Red Blood Corpuscles 

ANT) Hemoglobin 

lated cells occurred at this time and it is concei\'able that man\ of these immature 
cells nerc quick]% dcstro\ ed The patient was not in the hospital but was report- 
ing once m two weeks as an out-patient 

Case 15 (table 4 and fig 1) illustrates a far more acti\c process than that 
observed m the four preceding cases HcrcadisUnct cxacerbaUon of the anemia 
reduced the red cell count from 1,624,000 to 920,000 and the hcmo^obin from 46 
to 23 per cent During the same penod the plasma bihrubm ro^e from 1 1 mg per 
100 cc to 2.5 mg \ spontaneous remission followed dunng which a fall in blood 
bilmibin occurred Dunng the succeeding months the fluctuations, particularly 
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in hemoglobin, arc distinctly reflected in the bilirubin curve The case has now 
been followed for ncarlv two jears and general relationship between these curves 
has remained comparatively constant An exception occurred on the 8Sth day 
of obscrv'ation when the plasma pigment remained high although a period of regen- 
eration had already begun As was noted in similar circumstances in case 6, the 
reticulated red cell count was quite high and tJie same hypothesis may be advanced, 
namely that tlic presence of immature cells in large numbers may have mcreased 
the proportion of casualties in tlic circulation 

EFPECTS OF TRANSrUSION 

One of the interesting features of the plasma bihrubin curves is 
the decrease in circulating bilirubin which usually takes place after 
transfusion This decrease may be immediate or may go on gradually 
for two weeks or more If it fails to occur the benefiaal effects of 
the transfusion are frequently less evident than in instances giving a 
distmet reduction 

In cases 19, 23 and 24 there is very little decrease m plasma bilirubin 
but there was a rapid disappearance of the blood given at transfusion 
and only shght temporary benefit was received 

Case 26 (table 4, fig 2) is particularly striking m that it shows 
opposite effects after two transfusions A transfusion on the 70th 
day of observation was followed by a marked remission and a fall 
m plasma bihnibin The next transfusion, however, given on the 
184th day, had very httle chmeal effect and death followed seventeen 
days later durmg a penod of marked rise m the plasma bilirubin 
curve Case 28 illustrates agam the fall m bihrubin after a suc- 
cessful transfusion 

EFFECT OF INTERCURRENT INFECTION 

The plasma bihrubm is often affected by the development of an 
intercurrent infection m a patient with permaous anemia 

Case 4 (table 4) developed lobar pneumoma durmg a penod of 
partial remission from his anemia At the onset a sharp fall m the 
red corpuscle count and hemoglobm and a sharp rise m the blood 
bihrubm occurred No further fall m the blood count occurred as 
the pneumonia progressed, and the plasma bihrubm had returned to 
a practically normal level at the tune of death which occurred on 
the sixth day after pneumoma developed 
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Case 11 (table 4) developed an acute otitis media and streptococcus 
hemolyticus septicemia durmg a penod m which the blood count 
had been nsmg At the onset a marked drop m red corpuscle count 
and hemoglobm and a sharp rise m plasma bilirubm was found 
Later, m spite of a contmued change for the worse m blood condition, 
a decrease m plasma bilirubm occurred At this pomt a transfusion 
was given Very httle benefit was received and there followed a 
distmct nse m the bilirubm curve Death occurred a few days later 
from the septicemia 


TABLE 5 


patient 

Dumber 

TJOaom 

g OOa-m- 

UJMm 

lUOpjn. 

4X0 pan 


Plasma 

bnimbin 


Plasma 

bOimbin 


Plasma 

bnirubm 



mr per 
JOOcc 


jnf f<r 
100 cc. 


mt per 
100 cc. 


so 


Breakfast 

0 5 

Dinner 

0 4 

Normal 

51 


Breakfast 

0 7 

Dinner 

0 5 

Normal 

52 


Breakfast 

0 3 i 

Dinner 

0 3 

Arterial hypertension 

53 

iw 

Breakfast 

0 0 

Dinner 

0 0 

Arterial hj-pertension 

54 

IB 

Breakfast 

0 4 

Dinner 

0 5 

Neuntis 

7 


Breakfast 

1 3 

Dinner 

1 2 

Permaous anemia 

13 

1 5 

Breakfast 

0 7 

Dinner 

1 1 

Permaous anemia 

15 

2 2 

Breakfast 

2 5 

Dinner 

2 5 

Permaous anemia 


0 4 


0 5 


0 7 

Permaous anemia 


2 8 


2 4 


2 5 

Permaous anemia 


DAILY VARIATION IN PLASMA BILIRUBIN 

In order to gam some idea of the variation m plasma bilirubm 
which occurs m the course of a smgle day, several normal mdividuals 
and cases of permaous anemia were exammed three times m the course 
of a day A regular dietary’' regimen was followed, which mcluded 
a fairl} high-fat breakfast and a fat-free meal at noon The results 
obtained are listed m table 5 

The cases, with three exceptions, show a shghtly higher v^alue for 
the fastmg specimen than for the specimens taken four and eight 
hours after the fat meal WTule the variations during the da> are 
m man} instances well marked the} are not suffiaent to account 
for the changes which were observ ed at different stages of the anemia 
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The specimens included in tables 1, 2, 3 and 4 were taken in the 
period between breakfast and dinner corresponding approximately to 
the second specimen of table 5 

PIGMENTS OTHER THAN BILIRUBIN IN THE PLASMA OF CASES OF 

PERNICIOUS ANEMIA 

Brockbank (8) has noted the constant occurrence of hemoglobin 
on spectroscopic examination of the plasma of cases of permaous 
anemia Witli this obscn'’ation we are in entire accord It is difficult 
to be sure that Uie hemoglobin present in plasma is not due to trauma 
m collecting blood but as tlie same technique was used m every 
mstance this error is probably negligible No effort at direct quan- 
titation was made, but the impression was received that m general 
more distinct spectroscopic bands appeared dunng penods of chmeal 
exacerbation than during penods of remission 

Bands of hematin were occasionally seen — an observation which 
van den Bergh (9) has also reported This pigment is usually seen 
durmg periods of marked activity of the disease 

Another pigment found m severe cases dunng penods when the 
blood count was very low probably belongs to the general class of 
hpochromes It is readily extracted from the plasma by ether and 
does not give the diazo reaction However, on testmg it with various 
reactions desenbed for lutem by van den Bergh (2), entirely negative 
results were obtained The exact nature of this pigment remams 
uncertam It appears cluefly in severe exacerbations of anemia, 
particularly just before death, and it is present m large quantities 
post mortem 

DISCUSSION 

The significance to be attached to the foregomg observabons on 
plasma bihrubin is inevitably bound up with the quesbon of the 
origm of this pigment Stadelman (10) has held that bilirubin is 
produced only m the hver and that all jaundice is of hepabc origin 
This theory is based on the observabons of Minkowski and Naunyn 
(11) on hepatectomized geese Whipple and Cowper (12) offered the 
first direct evidence against it by their experiments with a thoraac 
drculabon m mammals Mann and his co-workers (13) have proba- 
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bly finally settled the point by their observations on hver ablation 
in dogs A short time after complete removal of the liver their am- 
mals became as deeply jaundiced as though the common bile duct 
had been bgated Jones (14) has shown the occurrence of a local 
mcrease of bilirubm m the penpheral vessels of man duimg an attack 
of paroxysmal hemoglobmuna It has long been known that sub- 
stances mdistinguishable from bihrubm are found in blood extra- 
vasations mto the body tissues or into the pleural orpentoneal 
cavities Therefore, the e%udence at present available strongly sup- 
ports the view that bihrubm can be formed outside of the hver and 
for pigment formed m this manner the h\ er acts merely m an ex- 
cretory capaaty The most ob\TOUS source from which this bihrubm 
could be denved is the hemoglobm set free m the process of red cell 
destruction WTupple (15), while admittmg that this process occurs, 
has contended that the quantity of bihrubm excreted by the h\ er can 
be altered by the t>"pe of food eaten, and that carbohydrate feedmg 
causes an mcrease m bile pigment Rous, Broxm and Mcilaster (16), 
on the other hand, were imable to find any mcrease m bihrubm 
excretion on a carbohydrate diet when the entire twenty-four hour 
output was collected o\ er a considerable penod of time Diets which 
contam bihrubm, however, do mcrease the amount of pigment ex- 
creted by the hver (17) Our data regardmg the plasma bihrubm 
mdicate that the pigment is usually present m greater quantity m 
fastmg penods than durmg the process of absorption after meals 
It seems possible, therefore, to exclude dietary* factors and to assume 
that the plasma bilirubm was denved from hemoglobm m the process 
of blood destruction 

The fact that the plasma bilirubm of patients with permaous 
anemia always gi\es a “delayed” direct diazo reaction supports the 
assumption that m this disease the pigment is not of hepatic ongm 
Hepatic diseases, and particular!} those conditions causmg obstruction 
of the larger bile ducts or extcnsi\e degeneration of the parenchyma 
are of course the most common causes of mcreased plasma bihrubm 
^\^lcnc^cr lesions of this tyqie are found, a “prompt” direct diazo 
reaction is obtamcd WTule the chemistry^ underlying this reaction 
IS not dear, the dinical \'alue of the test has been recognized by 
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several investigators (7) (18) and in our hands it has given satis- 
factory results in a large senes of cases 
Three theones must be considered as possible explanations of the 
cause of the mcreased plasma bihrubm m permaous anemia First, 
the mcrease might be due to a failure of the hver to excrete the cir- 
culatmg bihrubm The objections to this theory are that the output 
of pigment m the stools is actually mcreased (19) and that the estima- 
tion of hver function by the method of Rosenthal (20) gives normal 
results m cases of permaous anemia Second, a failure of the bone 
marrow to utilize the pigment m the formation of new red cells might 
also account for its accumulation m the penpheral circulation This 
is extremely unlikely, however, for m secondary anemias and m 
definitely aplastic anermas no such accumulation of bihrubm m the 
plasma takes place The third theory holds that the maease^of 
plasma bihrubm is due to an overproduction which results from an 
increased rate of blood destruction This would seem to be the best 
explanation of the phenomenon at present available, smce it accounts 
for the high plasma pigments, the high stool pigments, and the rapid 
fluctuations in circulating red cells that are charactenstic of the 
disease According to this view, the hver, while capable of exaetmg 
a normal or even increased quantity of pigment, is unable to ehmmate 
all of the bihrubm that is set free in the plasma m times of very 
active destruction The observations reported m this paper extend 
over considerable penods of tune m mdividual cases of permaous 
anemia and the evidence they bnng out is also m harmony with this 
explanation Similar but less extensive observations have been re- 
ported by Gram (6) Periods marked by a falhng red cell count 
and hemoglobm curve generally show maeased blood pigment values 
Penods when the blood pigments are at more nearly normal levels 
are usually penods of distmct chmcal improvement The occasional 
exceptions to this rule are m themselves enhghtenmg The onset of 
a remission marked by high reticulated red cell counts and a nsmg 
red cell and hemoglobm curve sometimes shows a high blood bihrubm 
level This merely mdicates that destruction and regeneration are 
mdependent processes for it is obvious that if regeneration were 
suffiaently active, it could counteract any amount of destruction and 
mamtain the blood count at normal levels This is probably what 
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happens in cases of hemolytic jaundice without anemia In permaous 
anemia, on the other hand, either the factor of bone marrow exhaustion 
must come mto play or the destructive process must exceed the 
margin of safety of the bone marrow 
The changes m plasma bilirubm that occur after transfusion are 
more difficult to explam It is e\ndent that immediately after trans- 
fusion the mtermixture of normal plasma with that of the patient 
causes a dilution of the plasma bilirubm E\en grantmg that this 
occurs in every case, however, it fails to account for the marked 
decrease m plasma bilirubm that is sometimes seen Neutralization 
of a circulatmg hemolysm by an antihemolysm m the transfused 
blood may also be suggested as a possible explanation, but the re- 
duction m bilirubm often occurs more gradually than would be 
expected if thrs were the process at work Moreover, case 21 recei\ ed 
a transfusion of cells suspended m salme on the 28th day of obser\ ation 
and the reduction of plasma bilirubm following this transfusion was 
just as great as that followrmg two whole blood transfusions gi\en 
on the 86th and 158th days respectively If there were a circulatmg 
antihemolysm m the blood given to thi<^ patient, it must ha\e been 
contained m the red corpuscles In some cases there is a suggestion 
that the destructive process is actually dimmished by the transfusion 
but m other instances the red corpuscle count and the hemoglobm 
cur\ e fall rapidly after transfusion and ^’’et the bihrubm remains at a 
lower le\el than before the transfusion An mcreased utilization of 
pigment by the bone marrow m the formation of new erA'throcj’tes 
would explam those cases which go mto a distmct remission, but this 
theory’' fails to account for the instances m which the pigment de- 
creases m spite of lack of e\'idence of bone marrow actiMt} Tem- 
porary mcrease m the abflity of the li\er to excrete pigment, owing 
to the improved condition of the blood, must also be taken mto 
consideration The level of bilirubm m the plasma is of course 
dependent upon the effiaenc>" of the li\ er as an organ of elmunation, 
for an organ of imlimited capaat> for excretion could pre\ ent accumu- 
lation of pigment regardless of its rate of formation It is the balance 
between rate of formation and rate of excretion which determmes 
the amount of pigment present m the plasma 
The obser\ations on the influence of mtercurrent infection on the 
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plasma bJirubm m pernicious anemia are so few that they do not 
afford a basis for the explanation of the process at work 
The occurrence of hemoglobm and hematin in the arculatmg plasma 
indicates that all of the pigment of the destroyed cells is not broken 
down to the form of bibrubm before being set free m the plasma 
The nature of the ether soluble pigment present m the plasma of 
cases or permcious anemia has not been detemuned Its presence 
is a bad prognostic sign At tunes it occurs m quantities equal to 
one- third of the dilution value of the plasma pigments In these 
cases it is obviously fallaaous to conclude that the dilution value 
represents the quantity of bihrubin present 

SUMMARY 

High values for plasma bdirubm occur constantly m permcious 
anerma durmg penods when the disease is active They are of 
considerable diagnostic aid m distinguishmg this disease from certam 
secondary anemias 

Certain cases of pneumonia, streptococcus septicemia, typhoid 
fever, tropical sprue, and hemolytic jaundice give plasma bilirubm 
findmgs similar to those met with m permaous anemia 
The regular occurrence of a “delayed” direct diazo reaction in 
permcious anemia serves to distmgmsh it from anemias assoaated 
with jaundice due to hver or bile duct lesions In the latter conditions 
the plasma bilirubin gives a “prompt” direct diazo reaction 

The plasma bihrubm curve m permaous anerma usually nses 
dunng penods of exacerbation of the clmical symptoms, and falls 
to more normal levels durmg penods of remission This phenomenon 
tends to support the view that permaous anerma is assoaated with 
maeased blood destruction 

FoUowmg transfusion a reduction m the plasma bihrubm is generally 
observed The explanation of this phenomenon is not clear It 
would seem to be due either to a slowmg of the destructive process, 
to an mcreased utilization of the pigment, or to a temporary mcrease 
m the abihty of the hver to excrete pigment Hemoglobm and he- 
matm may occur m the plasma of cases of permcious anerma and 
they are usually foimd m penods of climcal exacerbation of the 
disease Their presence also suggests red cell destruction 
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An ether soluble pigment may also be present m the plasma of 
cases of permaous anemia WTien found m any considerable quan- 
tity it constitutes a senous prognostic sign It occurs m largest 
amount post mortem 
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THE OFITCAL ACTTVITy OF GLUCOSE AS INFLUENCED 
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rNTRODTJCnON 

There have been several recent studies upon the influence which 
tissues and certain body fluids may exert upon the optical rotatory 
properties of various sugars More than one mvestigator in this field 
has noted that certain changes occur in the optical rotation of glucose 
which has been brought mto contact with body tissues or flmds, and 
has suggested that these changes may represent an important step m 
the preparation of this sugar for its utilization by the body 

The first recent important observation was made by Admont 
Clark (1), who found that on perfusion of the dog^s pancreas with 
Locke’s solution con tainin g glucose m approximately ph)^oIogical 
quantities the optical activity of this solution became shghtly di- 
minished, but its copper reduemg power was unaltered However, 
after aad hydrolysis this loss m optical activity was partially regamei 
No change m the optical activity was noted as the residt of similarly 
perfusmg the heart, spleen or kidneys Furthermore, osazones 
were obtamed from the pancreatic perfusate which had shghtly lower 
meltmg pomts than glucazone but approached that of glucazone 
after aad hydrol3^is Qark concluded that these phenomena were 
due to an enzyme or enzymes obtamed from the perfused pancreas 
which exerted a specific action on glucose, and was responsible for 
certam essenbal steps by which glucose was prepared for utilization 
by the body 

Another mterestmg set of experiments somewhat along the same 
line have been reported by Hewitt and Piy^de (2) These observers 
have described the polanmetnc changes occurring m glucose solu- 
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tions which have been allowed to remain m contact with the intes- 
tinal mucosa of the rabbit for a few minutes Followmg this exposure 
they observed mutarotary phenomena in the glucose solutions which 
consisted m a rapid diminution of the optical rotation of the sugar 
to values much lower than that of normal equihbrated glucose Fol- 
lowing the withdrawal from the intestme the solutions underwent a 
slower dextro-rotation to a permanent value correspondmg with the 
specific rotation of a-/3 glucose in equilibrium 

More recently studies by Wmter and Smith (3) have suggested 
that there may be an actual difference in the type of sugar which 
is present in normal and diabetic blood These investigators called 
attention to the fact that m comparing the rotatoiy power of sugar 
obtained from the blood of normal and diabetic individuals a differ- 
ence in the specific rotation was observed. They found that the 
sugar from the blood of normal animals and men, when examined after 
its separation by a rather lengthy process from the blood protein, 
showed a rotation of polarized hght below that correspondmg to 
the ordinary equihbrated a-/5 glucose On standing, the optical 
rotation rose imtil m a day or two it became constant and agreed with 
the rotation that would be expected from the amoimt of glucose in- 
dicated by copper reduction determmations In diabetic indi- 
viduals, however, this diminution of optical activity and subse- 
quent rise was not observed It was suggested that these results 
might indicate the presence in normal blood not of the more stable 
varieties in which glucose exists in a simple solution, but of a less 
stable variety such as that identified by Irvine and his coworkers and 
styled y glucose These experiments were subsequently extended 
(4) to include the blood of diabetic patients who had been treated with 
insulin, and from these studies they concluded that m diabetics the 
decreased amount of blood sugar caused by the mjection of msuhn 
contained a greater proportion of normal blood sugar than that of 
the untreated diabetic 

Another interestmg experiment has also been performed by these 
same workers (5) who have reported that when solutions of glucose 
and fructose are incubated in vitro at 37° m phosphate buffer solu- 
tions together with small amounts of msulin and hver extract, their 
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rotations were altered in a levo and dextro direction respectively, 
whereas the copper reducing power remained unaltered 
Recently, however, most of this work has faded to receive confirma- 
tion m the hands of other mvesbgators Hie experiments of Hewitt 
and Pryde have been challenged by Stiven and Reid (6), who have 
repeated their woik and have been unable to confirm the former’s 
rffiults Similarly van Creveld (7) has obtamed native results and 
also Hume and Denis (8) who report a senes of 21 similar experiments 
m which they noted m 12 experiments no change m the optical ac- 
tivity of glucose which had been brought mto contact with the m- 
testmal mucosa of the rabbit, a small upward rotation m 5, and a 
somewhat greater downward rotation m 4, showing that unmistakable 
evidences of the existence of polanmetnc changes were present m a 
large percentage of their experiments, but that these changes did not 
seem to follow any defimte trend 
Doubt has also been cast upon the conclusions of Wmter and Simth 
by Hewitt (9) and by Eadie (10) who repeated their experiments upon 
rabbits Eadie is also quoted by Macleod (11) as havmg shown 
that m extracts of normal blood polanmetnc readmgs are often ob- 
tamed which are less dextrorotatory than they should be (as judged 
from their reducmg power) and which slowly became greater on stand- 
mg, but this instead of mdicatmg the existence of y glucose, might 
have depended on the presence either of glucosides which gradually 
became hydrolyzed on standmg, or of traces of other levorotatory 
substances which gradually became destroyed. It is also pomted out 
that the results of Wmter and Smith rest upon polanmetnc readmgs 
which were extremely small m magmtude, and furthermore, that the 
change m optical activity required a time mterval amountmg to sev- 
eral days which would not be expected if this were due to a highly re- 
active type of sugar 

Another mvestigatof who has attacked the same problem and who 
has m some measure repeated Wfinter and Smith’s work is van Cre- 
veld (7) He eventually abandoned the lengthy methods of depro- 
temization of blood as advocated by Wfinter and Smith, choosmg m- 
stead to work with the aqueous humor of the eye, serum ultra-filtrates 
and artificially produced transudates With the aqueous humor 
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he noted that reduction and optical rotation determinations showed 
close agreement and mutarotation could not be detected With 
the serum ultrafiltrates and transudates no changes were noted m 
optical rotation, but there always was a small difference between 
optical rotation and reduction m favor of the former 

Visscher (12) has also repeated Wmter and Smith’s experiments and 
reports that the supposed differences between normal and diabetic 
blood which they have noted could be produced by varymg the 
H ion concentration of the blood filtrate If the filtrate was nearly 
neutral it resembled normal blood, if strongly acid diabetic blood 
He also suspected that optically active substances other than dextrose, 
which were not eliminated by the deproteinization of the blood, might 
play an important r6le m the observation Qmte recently Dems and 
Hume (13) in a careful and broad repetition of Wmter and Smith’s 
work have likewise failed to corroborate the latter’s work 

Apparently, therefore, the balance of evidence obtamed by the 
more recent investigators, who have been quoted above, seems to in- 
dicate that this is a rather sterile method of attack m our efforts 
to mvestigate dextrose metabolism The field has not, however, 
been exhausted Clark’s ongmal work does not seem to have been 
repeated and the proof or disproof of his theory is evidently of hmda- 
mental importance m our conception of the manner m which glucose 
may possibly be influenced within the body m preparation for its 
utilization 

With the thought that the urme might contain enzymes or other 
factors which are present in the blood of normal and diabetic mdi- 
viduals, it seemed mterestmg to study its effect upon added sugar 
by a senes of polanmetnc observations This is evidently not qmte 
comparable to a study of the actual difference between the sugar 
physiologically present m blood and that seen m diabetics How- 
ever, a comparison of the sugar m normal unne and that found m the 
diabetic is difficult because of the rather complex nature of the 
former and its exceedingly small quantity 

In the course of this work the problem divided itself naturally into 
a number of different phases, the ongmal primary object of this study 
was the effect which normal unne might have upon added glucose 
as compared with diabetic urme upon the glucose naturally present 
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Secondarily, a further comparison was drawn between the effect of 
both normal and diabetic unne upon added glucose The madental 
problem, which proved to be of prime importance was that of a com- 
parative study of the optically active substances in normal and dia- 
betic urme and their tendency to change on standmg 

Our experiments are m some measure comparable to those of 
Hewitt and deSouxa (14) These mveshg&toTS, working on the baas 
that the sugar of the blood could be best removed through the physio- 
logical action of the kidneys, studied the optical and reducmg prop- 
erties of vanous sugars which were excreted m the urme of expen- 
mental animals after their mtra venous mjection As a result of 
their experiments they concluded that, followmg the mtravenous 
mjection of equflibrated solutions of a-glucose, o-fructose and a- 
galactose mto rabbits and dogs, no stereo-chemical changes were 
noted and the equflfbnum of the sugars was unaltered m the excreted 
urme They further emphasized the fact that polanmetnc estima- 
tion of reducmg sugar m the urme may give fallaaous results unless 
controlled by other methods 


METHODS 

For the estimation of glucose by copper reduction, Benedict’s 
quantitative method was employed (15) In usmg this method it 
was found necessary to adhere startly to certam pomts of techmque 
m order to seciue uniform results and, although the procedure is 
well known, the exact techmque as employed m these experiments is 
given It was as follows Twenty-five cc of Benedict’s copper 
sulphate solution were put mto a small wide mouthed flask, together 
with 7 gm of anhydrous NajCOj This solution was bofled o\ er a 
low flame for exactly 5 mmutes and then 3 cc of distilled water were 
added The solution of which the glucose content was to be deter- 
mmed was then added drop by drop from a 10 cc burette graduated 
m twentieths of a cubic centimeter In the case of urme, when the 
titration was about two thirds finished a drop of octyl alcohol was 
added to prevent excessive foa min g As the end pomt was approached 
a time mterval of 3 seconds was allowed between each drop to pro- 
mote complete reduction In the event that less than 4 cc of glu- 
cose solution were required to complete the reduction, the solution 
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was diluted accordingly In all instances the determinations were 
run in duphcate or triphcate Usmg this method on various glucose 
solutions which were generally of a concentration of about 1 per cent, 
the average error from a senes of 10 determmations was calculated 
to be 0 5 per cent, the maximum bemg 0 8 per cent This degree 
of accuracy compared favorably with that obtamed by the Fohn- 
McEUroy method (16) which showed a shghtly greater error m our 
hands Benedict’s method proved also to be more advantageous for 
these experiments in that it was the simpler of the two 
For the standardisation of the reducing method a senes of sugar 
determmations were run upon known solutions of glucose, the value of 
which had been determined polanmetncally For the specific ro- 
tation of glucose -{-52 8° was adopted 
The polanmetnc determmations were made with a Reichert m- 
strument which was graduated to read m hundredths of a degree 
The readings were made m a 189 4 mm tube usmg a 100 watt Mazda 
lamp and an appropnate dichromate solution filter for the hght source 
Fmal detemimations represented the average of 5 successive readmgs 
not varymg over 0 03° This gave results which could be compared 
with a fair degree of accuracy to the third decimal place 

The unne employed was obtamed freshly passed from normal 
mchviduals and from patients with apparently uncomphcated diabe- 
tes melhtus Only those specimens of unne were chosen which chd 
not contam acetone or diacetic aad and which faded to show appre- 
aable quantities of albumen by the routme climcal tests For the 
added sugar Merck’s dextrose was used m all of the experiments 
A freshly prepared 5 per cent solution of glucose was made up for 
each experiment This was allowed to bod for ten mmutes to obviate 
mutarotatory phenomena, and was then cooled and made up to its 
ongmal volume 

From the freshly voided specimens of normal and diabetic unne 
25 cc samples were transferred mto 100 cc volumetnc flasks, 20 
cc of the 5 per cent glucose solution were added and the whole dduted 
to the mark, makmg a final concentration of 1 per cent glucose At 
the same time 25 cc samples of the same unne specimens were diluted 
with water to a volume of 100 cc without the addition of glucose 
A 1 per cent solution of glucose m water was also made to serve as 
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a control for each expenment The solutions were then stoppered 
and placed in the water bath at 38 "^ and as soon as possible polari- 
scopic readings were commenced These were continued on the diluted 
samples of unne, the diluted unne plus glucose and the control at one 
half to one hour intervals for a penod of five hours At the be ginnin g 
and end of th is tune copper reducing determinations were run on each 
of the solutions containing glucose At the end of 5 hours one drop of 
toluol was added to each specimen and the solution placed on ice 
On the foUowmg day a smgle polanscopic reading and copper reducmg 
detenrunation was made 

Owmg to the difficulties of obtaining stnctly stenle urme the ex- 
periments were not earned out under absolute aseptic techmque 
The glassware contamers were sterilized and ordinary precautions 
to avoid contamination were utilized In a few instances bacterial 
growth became apparent in the urme during the initial 5 hours which 
was mvanably evidenced by the fact that the urme became cloudy, 
and at the same time both polanscopic and copper reduction values 
b^an to show a parallel fall Specimens showmg such evidences of 
contamination were always discarded 

RESULTS 

One representative experiment has been charted m graphic form 
(fig 1) m order to illustrate the manner m which the results have been 
recorded and subsequently studied From this chart it wiU be noted 
that the curves at the bottom of the figure designate a senes of polan- 
scopic readmgs upon plam urme, Nos 1 A and 2 A representing normal 
specimens which remain levorotatory throughout the course of the 
experiment and No 3 A a diabetic specimen which is dextrorotatory 
for the first 6 hours followed by a sharp drop below the zero mark on 
the following day The three curves m the upper half of the figure. 
Nos 1, 2 and 3 designate a correspondmg senes of polanscopic read- 
mgs made simultaneously upon the same unne specimens to which 
1 per cent glucose solution had been added, and a fourth curve, 
No 4, represents similar readmgs upon a control solution of I per 
cent glucose 

Cur\ es 1 and 2 of normal unne-glucose solution start with relatrv ely 
high polanscopic readings which dimmish shghtly during the 
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6 hours Curve 3 the diabetic unne-glucose solution starts relatively 
low and chmbs upward during the first six hours to be followed by a 
sharp drop on the following day The control solution of 1 per cent 
glucose is represented by curve No 4 which roughly maintains a 



Fig 1 Typical Experiment Shown in Graphic Form 


Lines 1 A and 2 A represent polanscopic readings upon normal unne, 
3 A diabetic unne Lines 1 and 2 represent polanscopic readings upon normal 
unne to which 1% glucose has been added and line 3 diabetic unne sundaily 
treated Lme 4 a control solution of 1% glucose Lines R 1, 2, 3, and 4, represent 
corresponding reducmg values of the solutions containing glucose 

straight hue throughout the expenment One cannot but notice the 
distinct influence which curves 1 A, 2 A and 3 A seem to exert upon 
1, 2 and 3 They can hardly be said m this instance to show definite 
parallehsm but the major fluctuations noted m the curves 1, 2 and 3 
show a counterpart in curves 1 A, 2 A, and 3 A, particularly the 
latter. 
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At the top of the figure Curves R 1, R 2 and R 3 designate the ser- 
les of values obtained from reducing deteiminations made uj>on the 
unne-glucose solutions It vdll be noted that the reducing value 
curves adhere quite closely to a straight Ime throughout the experi- 
ment and that they are considerably higher m the case of the urme- 
glucose solutions than the values ob tamed by estimatmg the glucose 
content polanscopically In the case of the control, however, curve 
R 4 the polanscopic and reducmg values approach each other quite 
closely 

The further results of the senes of expenments are shown graphi- 
cally by composite curves The changes encountered m the optical 
activity of normal urme alone are given m figure 2 and m tab ular 



Fig 2 Assrubikp Cueves of Poxaeiscopic Rzapisgs upon Noeixax Ueikes 


form by table 1 The results of a senes of seven expenments are 
given m which readmgs were made at hourly and half hourly mter- 
vals for a penod of 5 hours followed by a final readmg at the end of 
24 hours It will be noted that appreciable changes occur durmg this 
penod of tune and, that m the 7 expenments shown, a fairly uniform 
trend is followed In all instances the initial readmg of the normal 
urme samples proved to be levorotator>% vzxymg m degree from 
—0 020® to —0 085® On standmg at body temperature a gradual 
diminution m the levorotation mvanably occurred so that m the course 
of 3—4 hours the readmg m all instances approached the aero pomt 
and m one mstance (number 7) it became dextrorotatory' The final 
reading taken at the end of 24 hours after the specuncns had been 
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kept on ice invanably showed a shift back towards the original read-* 
mg, and m two instances the final determmation was negatively 
greater than the onginal 

In the same manner the changes encountered m the optical activ-* 
ity of diabetic urme alone are shown in figure 3 and table 2 The 
initial readmgs m tbm senes all proved to be dextrorotatory although 
the amount naturally vaned far more than m the normal samples, 
bemg from +0 008® to +0 162® It wfll be noted that successive 
readmgs m this senes showed a rather irregular picture Fairly 
wide fluctuations were obsen'ed and m two instances a weU defined 
nse was noted at the end of 3 hours followed by a subsequent fall 
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Fig 3 Assesibxed Cueves of PoLAsisconc Readings ufon Diabetic Urines 

at the end of 24 hours well below the zero mark In general the 
fluctuations of the other three specimens duimg the first 5 hours 
did not show any defimte trend, but adhere more or less to a straight 
Ime. 

In comparmg the assembled curves m the case of both normal and 
diabetic urme one is impressed with the tendency for the readmgs to 
shift above and below the zero pomt This might be attributed to 
some optically active substance shiftmg from a dertrorotatoiy to a 
le\ orotatory character or vice versa It is, however, more probable 
that the readmgs represent the total effect of se\ eral optically acti\ e 
substances presumably mcludmg small quantities of sugar and of 
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glucuronic aad or glucuronates, some of which are dextrorotatory and 
others levorotatory m character Qianges m any one of these op- 
tically active substances would of course influence the total reading 
It IS clear that m adding glucose to unne one is addmg a substance 
which IS optically active to a solution which already contains optically 
active substances and the polanscopic readmg of the resultant solu- 
tion will represent the sum total of these A study^ therefore, of the 
changes m the optical rotation of the added glucose might seem to be 
largely dependent upon the assoaated changes usually occumng m 
unne In order to estimate, therefore, the degree of rotation of the 
added sugar, it might seem justifiable to read the unne with and with- 
out added sugar at stated mtervals, and substract the readings of 
the simple unne from that of the unne to which glucose has been 
addecL The values obtamed, however, by this method would be 
\^d upon the assumption, of which we have no assurance, that the 
usual changes m optical activity noted m simple unne actually takes 
place, once glucose has been added 

On the basis of our 7 experiments, curves have been drawn to rep- 
resent, upon the assumption just named, the values of the optical 
rotation of the sugar added to unne The ordinates m these curves 
designate the differences between simultaneous readmgs of the unne 
with and without added sugar The results of normal and diabetic 
samples are shown m figures 4 and 5 respectively 

In the case of the normal samples of unne a gradual apparent dimi- 
nution of about 0 05° is observed durmg the first few hours with as 
a rule a subsequent sbght nse 

With the diabetic unnes the curves are irregular but without any 
consistent nse or fall An explanation of the minor fluctuations is 
not attempted but when the curves are viewed cntically it does 
not seem that the optical activity of the added sugar has been appre- 
aably influenced b> the unne 

It will be finally noted that m all of these experiments the reducing 
detenmnations of the sugar m unne remam constant, but as stated 
before they show values considerablj higher than those obtamed by 
polanscopic determmations 
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Fig 4 Assembled Curves op the Increments in Polariscopic and Reducing 
Values prom Glucose Added to Normal Urine 
The low er curves represent only the computed value of the glucose maemeilt 
as determined polanscopically, the upper curves represent the combined reducing 
values of unne and the glucose increment 
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Fig S Assembled Curves of the Increments in Polariscopic and Reducing 
Values from Glucose Added to Diabetic Urine 
The lower curves represent only the computed value of the glucose increment 
as detenmned polanscopically, the upper curves represent the combmed reducing 
values of unne and the glucose increment 
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SUMMARY 

On standing appreciable changes m the optical activity of dflute 
samples of normal imne occur These consist m a diminution of the 
levorotation noted m fresh unne imtil at the end of 3 to 5 hours the 
zero pomt is approached Subsequently imtil the end of 24 hours 
there is an mcrease of levorotation and return to initial values 
Similar changes are noted m dilute samples of diabetic unne but 
the general course of these changes seems to be more irregular than 
m the normal 

The mcrement m polanscopic readmgs produced by the addition 
of 1 per cent glucose to normal unne diminishes shghtly during the 
first few hours with subsequently; up to 24 hourS; no further change 
Polanscopic readmgs produced by 1 per cent glucose added to 
diabetic unne shows only such vanations over a period of 24 hours 
as could be accounted for by the changes occurring m the optically 
active substances already present m the unne. 

The difference m behaviour of glucose when added to normal and 
diabetic unne, is, however, quantitatively too shght to permit de- 
ductions as its true significance 

The author wishes to acknowledge the assistance of Mr J G 
Camack m the analytical work m this study 
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Novarsurol is an organic compound containing mercury, which was 
mtroduced by the Bayer company as an antisyphflitic agent. Its 
therapeutic use m this disease was first described by Zeller (1917) 
Its constitution is sodium oxymercunc-ortho-chlorphenol-oxylacetate 
with diethylmalonylurea and may be represented as follows (White, 
1924) 


OCHj coo Na 



HgOH 


C5H1 


CO— NH 


CiH» 


\1 

C 

/| 


CO 


CO— NH 


It IS prepared for use as a 10 per cent neutral sterile solution The 
marked madental diuretic action caused by its administration was 
noted soon after its mtroduction, especially m those cases m which 
considerable edema had de\ eloped Its use as a diuretic m cases 
other than those of syphihtic ongin was naturally suggested b}^ this 
occurrence 

It has been known for a long time that the administration of 
mercury produces diuresis Even as early as 1799 Femar stated 
that the diuretic action of digitalis was mcreased when given m con- 
junction with calomel Jendrassik (1886, 1891) was the first to draw 
attention to the striking effects that could be produced b> the use of 
calomel alone He admmistered repeated small doses b} mouth and 
obtained a remarkable diuresis m cases of edema This treatment was 
m ^ ogue for some time but gradually became much less used as differ- 
ent observ ers reported deletenous after effects on the kidney There 
has been a good deal of debate as to the mechanism by \\hich this 

3S3 
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diuresis is produced The majority of observers now, as is seen in 
Cushny^s (1917) review of the literature, favor the view that it acts 
directly on the kidney 

Novasurol has already been used in many types of edema It has apparently 
no effect on inflammatoiy exudates Practically all observers are agreed that it is 
contra-mdicated in renal disease In the ascites due to curhosis of the hver and 
carcmoma, reports of the results obtamed vary considerably In heart disease 
on the other hand remarkable results have been described by several observers 
The first accoimt of its use as a diuretic was given by Saxl and Heihg (1920) 
They obtained diuresis up to three hters by giving 1 to 2 cc by mtramuscular 
mjection, and the patients lost weight corresponding to the diuresis The chloride 
in the urme was mcreased both m total quantity and m concentration The in- 
jection of atropme inhibits the diuresis In a small number of their cases trouble- 
some attacks of diarrhea developed No evidence of i}idney damage occurred 
The fact that this drug can remove edema which had resisted the usual forms of 
medication has been confirmed by several observers The increase in chlonde out- 
put has also been confirmed by all who have studied this pomt Saxl and Heihg 
(1920) m addition foimd that the total quantity of nitrogen excreted m the unne 
was unaltered Miihhng (1921) states that the total mtrogen, urea and creatmm 
in the urme were mcreased He says this mcrease may occur one or two days 
later than the other effects 

The mechanism by which novasurol acts has aroused a considerable amount of 
controversy Saxl and Heihg (1922) beheve that the action is on the extra renal 
tissues They studied the protem content of the plasma by means of the refrac- 
tometer and found a decrease m the early stages m the majonty of cases Con- 
sequently, they think that the diuresis is secondary to hydremia In their opmion 
flmd and salt are first transferred to the blood from the tissues and then excreted 
by the kidney The chlonde m the plasma was first reduced, the lowest value be- 
mg obtamed m 4 to 6 hours, and later began to nse agam In the cases m which 
diuresis was anxested by givmg atropme hydremia and hyperchloremia developed 
Saxl and Heihg (1923) made some experiments on dogs to which uramum mtrate 
had previously been given When novasurol was mjected soon after giving 
uramum, dilution of the blood took place and an mcrease m the chlonde content, 
followed some hours later by concentration of the blood and dimmution m the 
plasma chlonde Some time later after uramum nephntis became established 
there was a dilution of the blood and the chlonde content was mcreased On 
givmg novasurol now diuresis occurred without further dilution or mcrease m 
chlonde concentration In still later stages of uramum poisonmg the effect of 
novasurol was to produce polyuna without any mcrease m the chlonde m the 
urme At this stage they thmk novasurol reactivates uramum 

Nonnenbruch (1921) and Eppmger (1921) confirmed the work of Saxl and Heihg 
on the changes m the blood and agreed with them m behevmg that the action of the 
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drug IS on the extra-renal tissues Bohn (1P23) as theresult of expenments on nor- 
mal and nephrectonused rabbits also obtained evidence of a primary dflution of 
the blood and agreed with these authors in considering the action extra renaL 
Tczner (1923) studied the rate of absorption of normal saline solution injected 
subcutaneously into the instep m children and found that this was absorbed more 
rapidly when novasurol had been previously administered- This is additional 
evidence he thinks that the action of the drug is on the tissues 
Mflhlmg (1921) was unable to confirm the changes found in the blood by the 
observers just mentioned and believed that the action of novasurol is on the 
Lidnty tissue- Xhicke (1922) is of the same opmion Bley er (1922) on the other 
hand found the changes m the blood to be so sbght that he was unwilling to draw 
conclusions from them Brunn (1921) considers that no conclusive evidence has 
been brought forward as to the site of action, while Fodor (1923) thinks that it acts 
neither directly on the kidneys nor on the tissues, but on a hypothetical centre in 
the medulla which regulates water and chlonde metabolismu 
An extensive study of the toxic effects of novasurol has been made on syphflitic 
subjects by Zeiler (1917), who admmistered 5000 injections to 900 patients He 
found that there was vomiting m 2 4 per cent of cases and 0-5 per cent of injections, 
diarrhoea m 6 per cent of cases and less than 1 per cent of mjections, stomatitis m 
4per cent of cases Fainting occurred m a very small number From these effects 
recovery was rapid and they were considered to be of Little importance. There 
was kidney imtation in less than 1 per cent of cases and only m those m which 
evidence of previous kidney disease existed. He states that albummuna when 
present progressively unproved even when it had been produced by calomel or 
grty oil The only other toxic symptoms which have been described occurred m a 
few cases m which hemorrhagic cohtis appeared One case of hemoiihagic cn- 
ccphahtis was attributed to the actiou of the drug All those who have studied 
the subject clinically agree that tonaty is infrequent and rarely severe and that 
there is no evidence of kidney damage unless the kidney has previously been 
diseased 

The present investigation has been undertaken to study the effect 
of novasurol on edema in such cases of cardiac disease as were 
resistant to treatment with diet, rest, and drugs, and to find whether 
the drug produced any deletenous effects on the organism The 
alterations produced m the vanous constituents of the unne, blood 
and edema flmd, were also studied with a view to obtaining some light 
on the mechanism by which the drug acts 

METHOD OF INVESTIGATIOK 

The patients exammed were treated throughout the mvestigation 
by rest m bed and salt free diets, except in two cases which received 1 
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gram of salt per diem Their fluid intake was restncted to 1200 cc 
per diem Before novasurol was given digitahs was adnumstered until 
one was assured that no effect on the excretion of unne was obtamable 
by this means - In four of these patients who were suffenng from 
fibrillation of the auricles, it was thought advisable, in order to study 
the effect of novasurol under conditions in which as many factors as 
possible remained constant, to contmue the administration of digitalis 
m amounts suffiaent to mamtam the ventricles at a constant rate 
Digitahs was, however, never given dunng the test itself In two 
cases of auricular fibrillation and m the cases m which the cardiac 
rhythm was normal, the heart was not under the influence of digitahs 
when novasurol was being mvestigated Dunng the prelimmary pe- 
nod of the investigation the unne was collected in 12 hour specimens 
In estimating the flmd mtake both the actual fluid and food fluid were 
measured The volume of unne, speafic gravity and the chlonde out- 
put were determined in each specimen When the water and chlonde 
output reached a constant level, novasurol was given In many of 
the observations the unne was collected m 3-hour penods for 24 hours 
before and 48 hours after the administration In these specimens 
the volume, specific gravity, chlonde, and sometimes the urea and 
amm onia of the unne were estimated In the mterval between injec- 
tions the volume and chlonde of the unne contmued to be studied m 12 
hour specimens as before Chlonde was estimated by a Volhaxd titra- 
tion and urea and ammoma by the method of Van Slyke and Cullen 
(1914) Specimens of blood taken were 4| hoius after the ad mini - 
stration of novasurol and at the correspondmg tune on the previous 
and foUowmg days Four and one half hours after the drug had been 
given was selected as the time for obtaimng the blood samples as at 
this time the response to novasurol was well estabhshed We esti- 
mated urea by the method of Van Slyke and Cullen (1914), and plasma 
chlonde by the method of Van Slyke (1923) The chlonde in the 
plasma and unne were determined m order to study the remarkable 
changes in salt metabohsm reported after novasurol injection 
Urea estimations m blood and unne were made pnmanly to discover 
whether kidney function was damaged by the drug and secondarily to 
observe m what way, if any, urea excretion was affected In many 
instances we also studied the corpuscular volume by means of the 
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hematocxit and the hemoglobin percentage by Haldane's hemoglo- 
bmometer In the cases m which we mvestigated the question of 
dilution or concentration of the blood, specunens were taken one half 
hour after the mjection and at frequent intervals up to 7 hours In 
these specunens we determined the percentage of protean in the 
plasma by means of the refractometer, plasma chlonde, corpuscular 
volume and, m some cases, the hemoglobm percentage WTien obser- 
vations were made on the edema fimd this was done by punctunngthe 
tissues with a Southey tube and collecting the fluid which exuded 
On such occasions the edema flmd was collected at the same time as 
the sample of blood and the chlonde content of the fluid was estimated 
by the same method as was used for plasma chlonde 
Novasurol was administered in doses of 1 to 2 cc by intramuscular 
or mtravenous mjection In the two cases m which the latter was used 

there was found to be no advantage m it over the mtramuscular 
method A preliminary mjection of 1 cc was given to guard against 
the possibihty of an idiosyncrasy to the drug Afterwards mjections 
of 2 cc were usually employed The drug was mjected into the 
buttock m most instances, but m those m which there was edema of 
this region it was mjected mto some edema-free muscular region, 
usually the muscles of the back. Injections were not repeated at 
mtervals shorter than four days, except m the case of the injection 
followmg the preliminary 1 cc, this was given two da>s later Pre- 
vious observers found rapid repetition madvisable 

OBSKRVATIONS 

The cases which we have selected for observation were m the most 
advanced stages of heart failure Clearl}^ a new diuretic has its 
pnnapal advantage if it is shown that with it edema flmd can be 
removed from cases m which it had been demonstrated that the usual 
methods of treatment failed We have administered the drug to 
eight cases 

Case J I K., Hospital No 4S36 The patient iivas a man of 37 > ears of age 
On admission he suffered from marked djspnea and palpitation He was cr- 
tremel> c>*anosed The heart was enlarged and s\*stohc and diastolic murmurs 
were heard at the apex. The pulse was rapid and irregular There was flmd m the 
right pleural ca\at> and moist riles were heard o\ cr both lungs The li\ cr was en- 
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larged and ascites was present There was edema of the legs Digitahs slowed 
the heart but failed to alter the edema Diuretm was also unsuccessful As the 
result of giving novasurol the patient’s climcal condition improved enormously. 
Dyspnea while in bed disappeared The cyanosis became much less marked. 
The penpheral edema, ascites and pleural exudate disappeared and the hver was 
reduced in size These tended to recur unless controlled by further injections 
The diagnosis was mitral stenosis, auncular fibnilation, acute cardiac decom- 
pensation 

Case 2 S M , Hospital No 4851 The patient was a man of 31 years of age 
On admission he was dyspneic and cyanotic The heart was enlarged and there 
were systohe and diastolic murmurs to be heard at the apex The pulse was rapid 
and irregular There were moist rdJes all over the chest but no fluid in the pleural 
cavities The hver was enlarged and there was well marked asates There was 
edema of thelegs Digitalis showed the heart but faded to alter the edema Diure- 
tm also failed to produce any action Theocin produced a slight diuresis but 
caused symptoms of gastnc imtation Novasurol mjections produced a marked 
improvement Dyspnea and cyanosis disappeared The edema of the legs and the 
ascites disappeared and the hver was reduced m size Improvement continued 
without further mjections The diagnosis was mitral stenosis, auncular fibril- 
lation, acute cardiac decompensation 

Case 3 F S , Hospital No 4282 The patient was a female aged 20 years 
On admission she was dyspneic and complamed of marked palpitation There was 
considerable cyanosis The cardiac pulsation was marked so that the left side of 
the chest heaved with each beat The heart was enlarged and systohe and diastohc 
murmurs were heard all over the chest, espeaally m the region of the apex The 
pulse was rapid and irregular There was no exudate mto the pleural cavities but 
a few moist rSles were heard The lower border of the hver was mid-way between 
the umbiheus and pubis There was neither asates nor edema of the legs but there 
was shght edema of the sacral region Digitalis even m small doses occasioned the 
onset of pulsus bigemmus and made the clmical condition worse Dunng previous 
admissions to hospital she had reacted well to digitahs Theocm was given without 
eflfect After an mjection of novasurol the improvement was stnkmg Dyspnea 
disappeared The color improved and palpitation became shght The heart rate 
was reduced, pulsation m the neck was absent and m many instances the size of 
the hver was reduced 5 cm This improvement contmued for some time after each 
mjection and then the patient would become suddenly worse Eventually a stage 
was reached when no response was ehated and the patient died The diagnosis was 
mitral stenosis, auncular fibrillation, acute cardiac decompensation 

Case 4 M, D , Hospital No 4731 The pafaent was a colored man aged 48 
years He suffered from severe dyspnea There was cyanosis of the mucous mem- 
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branes The heart was large and there were systolic and diastolic mnmiuis to be 
heard at the aortic area The pulse wasslow, irregular and water-hammer There 
was a considerable amount of fluid in the nght pleural cavity There was sbgjit 
enlargement of the liver and fluid m the abdominal cavity There was no edema 
of the legs Thoracocentesis was performed on three occasions on account of 
respiratory distress The patient was thorou^y digitalized There was marked 
improvement m the rfimral condition, but fimd persisted m the abdomen As the 
result of novasurol injections this was completely removed and has not reaccu- 
mulated The diagnosis was aortic disease, auncnlar fibrillation, acute cardiac 
decompensation 

Case 5 S N , Hospital No 4971 The patient was a man aged 38 years He 
was nervous and suffered from d>"spnea and cj’anosis The pulse was regular 
The ^tohe blood pressure was 152, the diastohc 120 The heart was enlarged 
but there were no murmurs to be heard There was fluid m the nght pleural cavit> 
and moist rftles in the lungs The liver was sh^tly enlarged and asates was 
present There was edema of the legs There was no evidence of kidney insuffi- 
ciency After givmg digitalis diuresis began but this was not mamtamed suffi- 
aently long to produce a marked reduction m the edema. The clinical condition 
improved while the diuresis lasted but then a relapse took place. The patient did 
not react well to the first dose of novasurol and no improvement occurred The 
second mjection had a better effect and was followed b> definite improvement 
The patient died suddenly at stool five days after the last mjecUon had been gi\ en 
His clini cal condition appeared better on the da> he died than it had been since 
admission The diagnosis was essential hypertension, cardiac h>T>ertroph> , acute 
cardiac decompensation 

Case 6 L L , Hospital No 4935 The patient was a female aged 4fi >ears 
She showed the typical s>Tnptoms of exophthalmic goitre She suffered from 
marked dyspnea and complamed of a considerable amount of pam and tenderness 
o\er the prccordium and left arm Cyanosis was not marked The pulse was 
slow and irregular The heart was enlarged and a systohe murmur was present 
at the apex The soimds were clear at the other areas There was fimd m the nght 
pleural ca\ut> and ascites was also present The hver was not enlarged There 
was edema of the sacral region and legs No improvement followed the use of digi- 
talis Giving theocm resulted m a shght diuresis but was accompamedb3 s>-mptonis 
of gastne imtation An hour after 1 cc, of no\ asurol was given the patient had a 
ngor lasting a few imnutes and the temperature rose to 102® A httle later she 
vomited, she was xmcomfortable for se\eral hours but quicLl> recovered A 
defimte diuresis occurred and next da> the patient fdt better than before the 
mjection No further mjections were given The diagnosis was exophthalmic 
goitre, auncular fibrillation, cardiac decompensation 
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Case 7 C R ^^Hospital No 4267 The patient was a male aged 55 years. 
He suffered from marked d3^spnea and cyanosis The pulse was moderately rapid, 
and totally irregular The heart was enlarged No murmurs were heard There 
were sibilant rhonchi in the lungs but no moist rkles were heard The hver was- 
enlarged and there was well marked asates There was considerable edema of the 
legs and sacral region Thepatient showed progressive improvement under digitalis 
Novasurol was admmistered dunng this period but there was no evidence that any 
part of the subsequent improvement was due to it The diagnosis was chrome 
myocarditis, auncular fibrillation, acute cardiac decompensation 

Case 8 A B , Hospital No 4919 The patient was a woman aged 44 years. 
Tie outstandmg symptom was tremendous abdommal distention due to asates 
TThis had necessitated tappmg every three weeks smee its onset one year and eight 
months ago The patient suffered from dyspnea on exertion and this became 
marked when ascites was extreme Cyanosis was sbght but mcreased m proportion 
to the abdommal distention Sbght precordial pam was present when the ab- 
domen was tense The pulse was regular The heart was greatly enlarged and 
systobc and diastobc murmurs were heard at the apex The lungs showed no 
abnormabty The bver was enlarged There was considerable edema of the 
legs and sacral region , No benefit followed the use of digitalis Asates progres- 
sively mcreased and relief was obtamed only by abdommal puncture Immedi- 
ately before tappmg novasurol was given with some mcrease m urme output A 
second mjection produced practically no effect There was no alteration m the 
climcal condition The day after the second mjection 13 hters were removed by 
abdommal puncture Novasurol mjections were not repeated The diagnosis 
was mitral stenosis, cardiac decompensation, perihepatitis 

Summary These then were cases of severe heart failure in which 
edema was a pro min ent s 3 Tnptom In six cases satisfactory diuresis 
followed the injection of novasurol In Case 7 there was no effect 
from the administration, this case exhibited an mcreased urme volume 
following digitalis admmistration and novasurol was given to see 
whether it could produce an mcrease m this diuresis This did not 
take place In Case 8 the effect was very shght 

RESULTS 

Changes tn the body weight 

In every case m which marked diuresis occurred there was a cor- 
respondmg fall m weight (table 1 and fig 1) The fall sometimes 
contmued for a few days after the admmistration The greatest 
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fall m weight on the day iminediately following an injection was 3 
kflograms Usually it was 1 to 2 kilograms In the interval between 
injections there was often a shght gam m weight 
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Fig 1 The Eitect of No\ astjrol Adiumstration Throughout the Course 
or Treatiiext (Case 2) 


Changes tn the urine 

Volume The volume of unne excreted vaned, but in all cases it 
mcreased after gi\nng novasurol to a pomt abo\e the pre\ious le\el 
(table 1 and fig 1) The only excepbon was Case 7, m which diuresis 
was already m progress as the result of gi\Tng digitalis Before the 
adrmnistrabon of the drug the unnary output was usuallj \ery small, 
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being about 300 to 400 cc. per diem After the administration, m 
many cases t hi s was remarkably mcreased. The degree of diuresis 
which resulted varied with the dose The marimum effect foUowmg 
the mjection of 1 cc. was 1884 cc., but the usual result was from 1000 to 
1500 cc After 2 cc the maximum volume was 3316 cc As a rule, 

mM 
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Fig 2 The Urine Volume, Total Chloride Excretion and Chloride Con- 
centration EOR 24 Hours Before and 48 Hours atter Novasurol 

the output vaned from 1500 to 3000 l cc. In three cases, although there 
were defimte increases in amount, a reaction as satisfactory as in the 
other cases did not take place 

Diuresis usually began withm the first three hours after the injection 
of the drug and rapidly attained a maximum in 6 to 9 hours In cases 
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Inhere the circulation was more sluggish, the onset of diuresis appeared 
to be delayed After attaining a maximum, it gradually fell agam 
until it regamed its previous level This was reached m most cases 
withm 24 hours In a few cases, however, the augmentation was 
mamtamed to a shght extent for another day There was practically 
no difference m the rapidity of action between mtravenous and mtra- 
muscular administration 

Chloride One of the most staking effects of novasurol was the 
remarkable mcrease of chlonde m the unne (table 1) Not only was 
there an absolute mcrease m the amoimt excreted, but the concentra- 
tion m the unne mcreased as well (fig 2) The extent of the mcrease is 
m fact much greater than that described by Cushny (1917) as follow- 
mg the administration of other diuretics Before the injection of the 
drug the chlonde output was very small, bemg less than 50 milhmols 
per diem m almost every case and m many instances, bemg much less 
than this As a-result of givmg novasurol, the maximum output m 
24 hours which was observed was 314 65 millimols Usually the chlor- 
ide excretion mcreased to about 200 millimols per diem The chlonde 
excretion followed closely the curve of water excretion as to time, 
except that on the day after mjection a shght mcrease of chloride was 
more frequently mamtamed than an mcrease m water Two days 
after the mjection the chlonde output had mvanably fallen to its 
previous level, and m many cases to a lower level 

Urea and ammonia The excretion of urea and ammoma was 
studied m the 3 hour specimens of urme correspondmg to the blood 
specimens In three instances urea and ammoma were estunated m 
3 hour specimens throughout the 24 hours precedmg and the 48 hours 
followmg the administration of novasurol No constant alteration 
has been obser\ed m the amounts m the urme (table 1) During 
diuresis the concentration of urea was alwa>s considerably reduced but 
the total output vaned We observ ed that m some cases the output of 
urea was greater on the day followmg than on the da> of the mjection 
The ammoma m the urme showed no constant changes It vaned m 
the same patient on different occasions The changes m these con- 
stituents were so small that it is endent that the drug has httle action 
on their excretion ^ 

Abnormal unnary changes In all cases obseivations ha\e been 
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made daily to see whether there was any evidence of kidney damage as 
shown by the presence of albumin, casts or red blood cells m the unne 
This e^dence was completely absent during the penodof the investiga- 
tion which m most cases extended over some months "RTien 
these signs were absent pre'vuous to the mjection they did not appear 
subsequently WTien they were present before they always tended 
to disappear so mdicatmg improvement. 

Changes tn the blood 

Plasma chloride The chloride content of the plasma has been 
determmed m each case at a penod of 4^ hours after the admimstra- 
tion of the drug In most cases there was a shght fall at this penod 
(table 1) On the day foUowmg the mjection it was mvanably lower 
than before mjection In the mterval between mjections there was 
usually a nse towards the ongmal level 

Three observations have been made m which specimens were taken 
frequently throughout the day of the mjection (tables 2 and 3, fig 3) 
Two of these were made on patients, and one on a dog In the two 
observations on patients a steady fall took place m the plasma chlonde 
after novasurol was mjected and this attained its maximum wi thin 
3^ hours, thereafter there was a slow nse In the dog there was on 
the contrary a pr elimin ary nse which reached its height li hours 
after mjection, then a fall which attained its maximum at 44 hours 
and finally a subsequent nse 

Urea The urea m the blood also vaned considerably (table 1) 
In some cases it was shghtly higher and m others shghtly lower dunng 
the day of mjection The next day m the majonty of cases, however, 
it was lower than before mjectioru The blood urea appears to be 
influenced only in so far as the drug affects the effiaency of the 
circulation 

Protein content of the plasma We ha\ e made observ^ations m three 
instances throughout the day of mjection on the amount of protem m 
the blood plasma by means of frequent refractometer readmgs The 
observ’-ations extended from half an hour to seven hours after the mjec- 
tion The first effect was found to be a faU m the concentration of 
protem, occurrmg within an hour and a half after the mjection (tables 
2 and 3, fig 3) In one case it reached its maximum m h?i1f an hour, 
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Fig 3 The Change in Plasma Volume, Plasma Chloride, Chloride Ex- 
cretion AND Urine Volume Aeter Novasdrol 
For explanation see text 
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m another m an hour and a half, and in another in about two and a 
half hours There was greater diuresis on the occasion when the 
lessened concentration took place early After about two and half 
hours it began to nse again and continued to do so until in the later 
stages the blood became much more concentrated than it had been 
previous to the mjection 

Corpiiscidar volume In most of the observations the volume of the 
cells m the blood was estimated 4^ hours after the administration of the 
drug and m every case the blood was found to be shghtly more con- 
centrated than It had been previously In one case m which refractom- 
eter readmgs were made at irregular short mtervals throughout the 
day the corpuscular volume was studied at the same tune and was 
found to follow the same curve as the refractometer readmgs (table 2) 

Hemoglobin percentage Readmgs of the percentage of hemoglobin 
were taken m most instances 4^ hours after mjection and m every case 
a shght mcrease was f oimd In two cases readmgs were made through- 
out the day and m both a pr imar y lowenng of the percentage was fol- 
lowed by an mcrease above the level before the drug was given (table 
2) In one case the protem, corpuscles and chlonde were also 
estimated (table 2) 


Changes tn edema fluid 

Chloride The chlonde m the edema flmd 4f hours after novasurol 
administration was altered m the same direction as that of the plasma, 
though the changes observed were shghtly less marked A contmuous 
shght fall always occurred and this was mamtamed m the mterval 
between the mjections m contrast to its behavior m the plasma 

Evidences of toxiciiy 

In only one case, a woman, have we had any evidence of an idiosyn- 
crasy to the drug This was the case of exophthalmic goiter referred 
to m the protocols (Case 6) She suffered shortly after the mjecfaon 
from ngor, nse of temperature and vomitmg, but recovered rapidly 
from these symptoms In a few cases there was been complamt of 
shght headache on the day the mjection was given, and sometimes a 
shght nse m temperature that e\emng,both bemg absent the next day 



TABLE 2 


Effect of novasiirol vijcctton on plasma protein^ plasma chloride^ corpuscular volume and 

hemoglobin percentage 


Case 

Date 

Hour 

Dose 

Volume oi Unne 
in 24 Hours 

Protein 

Plasma Chlorides 

Corpuscular 

Volume 

Hemoglobm 

Remarks 



■i 

cc 

cc 

per cent 

mM 


1 percent 


4 

5-8-24 



907 

7 59 

87 6 


95 5 



5-9-24 

Ha 

2 

1476 

7 46 

86 0 


94 0 

Novasurol 2 cc at 



11 30 



7 24 

85 3 

1 39 0 

90 0 

9 0am 



2 0 



7 20 

86 6 

! 41 0 

92 5 




4 0 



8 39 

j 

60 0 

100 0 



TABLE 3 


The effects of novasurol administration on plasma volume and chloridton content 


Date 

! Time 

Plasma Protem 

Plasma Volume Esti 
mated os 1/30 of 
the Body Weight 

d 

o 

C 

o 

a 

u 

d 

H 

3 

Chloridion Contained 
in Plasma 

Remarks 

May 13 

1 

9 30 a m 

10 15 a m 1 

11 15 a m 

12 15 p m 

2 15 p m 

4 15 p m 

per 

cent 

6 87 

6 87 

6 48 

7 30 

8 22 
8 55 

hlers j 

0 380 

0 38o; 

0 403 

0 358 
0 318 
0 305 

mis 
per 
Uter ; 

103 6 

105 0 

106 0 

102 4 

98 7 

99 8 

mil 

39 4 

39 9 

42 7 

36 7 
31 4 
30 4 

Normal dog weighing 11 4 kg given 
1 cc* novasurol intramuscularly at 
9 45 

Shift of chlondion to plasma from 
tissues 

Shift of chlondion to plasma from 
' tissues 

Loss of chlondion m unne 

Loss of chlondion m unne 

Loss of chlondion m unne 

April 28 

10 30 a m 

7 07 


99 0 

277 0 

Case 4, given 2 cc novasurol mtra- 
muscularly at 9 ajn Apr 29 

Apnl 29 

9 30ajn 

‘ 6 88 

2 88 

98 6 

284 0 

Shift of chlondion to plasma from 
tissues 


10 30 a m 

6 94 

2 85 

96 8 

276 0 

Shift of chlondion to plasma from 
tissues 


11 30 a m 

6 92 

2 86 

91 9 

263 0 

Loss of chlondion m unne 


12 30 p m 


2 81 

91 9 

258 0 

Loss of chlondion m unne 


4 30 p m 

! 7 63| 

2 59 

93 4 

242 0 

Loss of chlondion m unne 
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There has been complaint occasionally of shght pam at the site of 
injection, which rapidly disappeared No mdurated nodules have 
persisted On one occasion a small quantity of the drug escaped 
subcutaneously and produced extreme nntation with the subsequent 
development of a small necrotic area m this region Healing, however, 
took place promptly We have seen no evidence of salivation but it 
seems important that stnct attention should be paid to the state of the 
mouth before and during the administration of the drug 

STJMMARY 

Novasurol has been admimstered m doses of 1 to 2 ca to eight pa- 
tients suffermg from heart failure In the majonty of cases deaded 
improvement m the dimcal condition took place and with one excep- 
tion no imtoward effect ocanred There is no evidence that any 
damage was done to the kidney Diuresis commenced within the 
first 3 hours, reached its height m 6 to 9 hours and terminated usually 
m 24 hours The output of chlonde followed the same curve as the 
water output, but was mcreased to an e\^en greater extent The 
chlonde in the plasma and m the edema flmd showed a fall subse- 
quent to the mjection The fall was shghtly less m the case of the 
edema flmd No marked alteration was found m the blood urea or m 
the amoimt of urea or ammoma excreted The protem content of the 
plasma, the corpuscular volume and the hemoglobm percentage all 
showed a primary fall which was maximum m 2^ hours and was fol- 
lowed by an mcrease which reached a greater height than that ob tamed 
before the mjection 

DISCUSSION 

In the mvestigation of a new therapeutic agent it is desirable to 
learn whether the new remedy has properties not possessed by the 
drugs already m common use If it has not it is an unnecessary addi- 
tion to an already overburdened list The standard which has natur- 
ally to be apphed is the evidence of clinical improvement- Too 
frequently we are dependent on the subjective symptoms which the 
patient expenences and then relates to us In edema, however, one 
has the advantage of bemg able to study the rate of disappearance of 
the accumulated fluid and also the fall m weight of the patient which 
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accompanies its dimmutton The removal of a certain amount of 
excess fluid from the body is of itself in most cases advantageous 
but even if the removal takes place it is desuable to see that there are 
no after effects of the drug which nullify or counterbalance the good 
effect which stimulatmg diuresis bnngs about For these reasons we 
selected for treatment cases in the most advanced stage of heart fail- 
ure m which there had been no benefit from drugs already available 
such as digitahs, theoan and diuretm The results obtained m some 
cases were spectacular, while usually good results have been obtained 
In no case has the patient’s clmical condition changed for the worse 

It is necessary smce novasurol contams mercury to be certam that 
it produces no deletenous effect on the kidneys We have studied this 
point and have been unable to obtam any evidence of renal injury 
From the point of view of its effectiveness, however, it appears to be 
better not to administer the drug more frequently than every four 
days Better results are m fact obtained m this way for the amount of 
unne excreted tends to dimmish when the drug is repeated at too 
short an mterval The first mjection should be small in order to ascer- 
tain whether an idiosyncrasy to the drug exists 

This drug, besides havmg a defimte action on the water output of the 
body, seems to have an even greater effect on its salt metabohsm 
We have obtained no evidence that there is any alteration m protein 
metabohsm 

That phase of its action which has created most interest m the 
discussion of its pharmacology is whether the drug has its effect on the 
kidneys of on extra-renal tissues The advocates of extra-renal action 
say that there is evidence of dilution of the blood, and conclude that 
there must be a primary removal of water and salt from the tissues to 
the blood from which it is only removed by the kidneys because of its 
excess m the blood Those who oppose this view state that they can 
find no evidence of dilution of the blood Our results show quite 
consistently that there is a primary dilution of the blood which 
attains its maximum within the first three hours and then that there 
IS a swmg m the opposite direction, so that for the greater part of the 
penod durmg which diuresis takes place there is really a concentration 
of the blood In so far as there is primary dilution of the blood, 
we agree with Saxl and Heihg (1922, 1923), Nonnenbruch (1921) and 
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Eppinger (1921) They are of opinion, however, that this is the mam 
factor in the action of novasurol and from this aroimstance are led to 
infer that the action must be on extra-renal tissues and that the kid- 
neys in fact play only a passive r61e With this view we cannot agree 
m so far as the mam action is concerned but we think their view 
apphcable to the first stage The primary dilution of the blood might 
be due to one of two causes, either to the passage of water from the 
tissues to the blood, or to a lessened output of water by the kidneys 
As a matter of fact, a shghtly lessened output has been observed in 
rare instances durmg the first three hours after mjection, but the extent 
of this is never great enough to account, m itself, for the primary dilu- 
tion of the blood We are, therefore, driven to the conclusion that m 
the early stages fliud must pass mto the blood from the tissues The 
duration of the dilution of the blood is comparatively short and for the 
greater part of the penod of diuresis there is concentration of the blood 
This is clearly shown m our determinations and has been almost 
mvanably found by the other observers who have followed the changes 
m the blood for a suffiaently long penod The fact that diuresis 
contmues while the blood is concentrated seems to us incompatible 
with the view that the kidneys are merely remo\ung an excess of fliud 
obtamed from the tissues They are really playmg an active part m 
the process 

The nature of the changes which occur m the chlonde of the body' 
fluids dunng novasurol diuresis is of considerable mterest. Here 
agam the first response to the drug appears to be a shift of chlondion 
from the tissue flmds to the blood stream Then, as diuresis becomes 
established and a rapid excretion of chlonde occurs m the urme, the 
chlonde of the plasma qmckly decreases m amount (table 3) 

Determmations of the changes m the chlonde concentration of the 
edema flmd have not been numerous enough for defimte conclusions 
to be drawn on the mechanism which is mvolved m imtiatmg the shift 
of salt from tissues to the blood beyond the fact that the chlonde 
content is definitely lowered after diuresis A study of the lomc 
strengths of the plasma and edema flmds before and dunng the 
early shift of the water and chlondion from the tissues to the blood 
stream might throw some hght on this mterestmg phenomenon 

An attempt to analyse the changes occumnginsalt and water metab- 
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olism dunng novasurol diuresis has been made If one assumes that 
the ongmal volume of the plasma is any defimte amount, it is possible 
to calculate values for the changes m the plasma volume and its chlor- 
ide content These values must not be regarded as necessarily true 
but may be used to express relative changes from the original condition 
of the plasma before the adnumstration of the diuretic It has been 
assumed for the purposes of illustration (table 3) that the plasma 
volume was onginaUy represented by 1 /30 of the normal bodyweight 
and that the percentage of plasma protem vanes inversely with the 
plasma volume One can plainly observe (fig 3) an early increase in 
the volume of the plasma and the chloride contained m it Then, as 
chloride and water were excreted m the unne, these quantities 
decreased rapidly and reached values much below their ongmal level 
Nevertheless, diuresis and increased chlonde output were mamtamed 
in spite of an actual decrease in plasma volume and a dimmution m its 
chloride concentration 

It seems necessary to conclude, therefore, that the drug acts not 
only on the kidneys but also on the tissues which contam the edema 
flmd The action on the tissues is manifest for a comparatively short 
penod only after the drug has been adnumstered, and is shown by 
defimte changes in the composition of the blood Soon, however, the 
action on the kidneys becomes apparent, as shown not only by diure- 
sis, but also by changes in the blood which are opposite to those 
occurring during the first penod Dunng the greater part of the 
drug’s action, mdeed, the effect on the kidneys completely dominates 
the picture, and qmte obscures the evidence of extra-renal action 

CONCLUSIONS 

1 Novasurol m doses of 1 to 2 cc injected mtramuscularly or 
intravenously bnngs about marked diuresis m cases of cardiac edema 
which have failed to respond to other therapeutic agents 

2 Toxic symptoms are rare and transient There was no evidence 
m our cases of renal imtation 

3 Diuresis commences withm the first 3 hours, attams its height m 
6 to 9 hours, and usually ends in 24 hours There is a marked increase 
m the excretion of chlonde Tbs action is even more marked than 
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that on vrater excretion In their time relations these two efiects 
follow each other closely There is no e\ndence of any action on pro- 
tem metabolism 

4 The drug acts both on the kidneys and on the extra-renal tissues 
For a short penod after administration the action on the tissues pre- 
dommates, but for the greater part of the diuresis the action on the 
kidneys is more important, 
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I INTRODTJCnON 

Smee the work of Blum (1) several years ago, a number of observers (2, 3, 4) 
have accredited calaum chlonde as an effective agent for the rcmov^al of edema 
flmd In explanation of the diuretic action of this salt Blum suggested an antago- 
nism m the body fluids between sodium and calaum with the consequence that 
when calaum mtake is greatly raised by mgestion of a calaum contammg salt, 
an mcreased excretion of sodium is produced In support of this hy^pothesis, he 
has demonstrated an mcreased excretion of sodium m the unne and occassionally 
a measurable lowermg of this base m blood plasma when CaCl* is gi\ en in the 
presence of edema Sodium retention bemg regarded as responsible for edema, 
its macased removal is supposed to permit secretion by the kidney of the super- 

• The measurements presented m this paper were to a considerable extent ob- 
tamed with the assistance of Anne C Messer and Paulme Marsh 
^ The authors are also mdebted to Dr Gerald Hoeffd for the determmations of 
plasma pH given m table 1 
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fluous body water According to the conceptions of Fischer ( 5 ), a diuresis from 
CaCl 2 would be referred to Ca which, having in some way escaped the opposing 
effect of the Cl' ion, operates as base agamst an increased acidity of the body fluids 
regarded as responsible for the pathological retention of water That actually 
quite the inverse of such an effect follows ingestion of CaCl 2 has been demonstrated 
by Gamble, Ross and Tisdall ( 6 ) and by Gamble and Ross (7) m their studies of the 
therapeutic action of several of the agents used in the treatment of infantile tetany 
They found CaCl 2 to be m large part, from the pomt of view of aad-base metab- 
ohsm an acid substance Following its mgestion there occurs an mcrease m the 
titratable acidity of the urme and a nse in umary ammonia The extension of 
these two factors together amounts usually to about one-half the equivalence of 
the Cl' content of the ingested salt, so that to this extent, as regards adjustments 
necessary in the body fluids and in the process of acid excretion, CaCla taken orally 
IS in effect HCl Measurements of Ca and Cl' in stools and urme mdicate that 
this aad effect of ingested CaCh is due to a much greater absorption of Cl' than of 
Ca In these studies ingestion of CaClj was observed to produce large alterations 
of aad-base factors m the blood plasma and in the urme There occurred a marked 
reduction of plasma bicarbonate correspondmg closely to an extension of chlonde 
and accompanied by a considerable mcrease m plasma aadity The urme was 
found to contam a much mcreased amount of fixed base Although these infants 
were not edematous, these changes in the plasma and unne were found to be ac- 
compamed by a large increase in the volume of urme These findmgs obviously 
suggest the possibihty of a relationship between the acid effect produced by CaCh 
and its diuretic action That this relationship exists and that the loss of body 
water which this salt causes is not due to some specific action by calcium was 
clearly indicated by the finding of Gamble and Ross (7) that NH 4 CI given to an 
infant with tetany caused exactly the same alterations m the blood plasma and the 
same mcrease of fixed base excretion m the urme as does CaCk and also produced 
a definite diuresis That NH 4 CI taken orally produces an aadosis had been shown 
by J B S Haldane ( 8 ) The aad effect of this salt is apparently due to transport 
of the mgested NH 4 as urea, thus uncovenng Cl' which claims base in the body 
flmds at the expense of BHCOs lu a paper pubhshed at the same time as those 
just cited ( 6 , 7), Haldane, Hill and Luck (9) reported the production of marked 
acidosis m normal subjects by mgesfton of CaCla They suggested that the diu- 
retic action of this salt is probably due to its aad effect rather than to an antag- 
omsm between Ca and Na as mamtained by Blum and made the surmise that 
NH 4 CI would be found as effective an agent for removal of edema fluid as CaCh 
In a paper recently published, Keith, Barrier and Whelan (10) report an excellent 
diuresis m the presence of edema m nephntis produced by givmg ammonium 
chloride 


In this paper it is desired to present data which further demonstrate 
that a loss of body watens in some way a consequence of mgestion of a 
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salt from vrhich inorganic and radicals enter the bodj fluids accom- 
panied to a relatiAel} slight extent bj fixed base In addition to 
CaCh and NHiCl, MgS 04 and (NH 4 ) 5 S 04 are salts which may be 
expected to beba\e m this manner and may m this sense be descnbed 
as ''aad produang We ha\e imdertaken to observe and compare 
efi'ects produced b} mgestion of these four salts The chief purpose of 
this study was to note m detail and explain if possible, alterations of 
aad-base a alues in blood plasma and m urme accompanying diuresis 
produced bj these agents The plan of study consisted m obtaining 
the desired measurements before, and agam during, and following a 
period of salt administration, the subject receumg throughout the 
observation penod a diet^ accurately constant as regards its aad-base 
composition It ^ as further undertaken to compare findings obtained 
in the presence and in the absence of edema The data to be presented 
are from but three children One of them, A T a girl of 10 years, 
presented chrome nephritis and edema The other two were boys, 
B K 8 y ears and J G 7 years, ^vnthout edema or other e\ idence of 
renal disabihty It was preferred to study the action of these several 
salts m the presence of edema m the same mdiudual in order that 
findings might be dependably compared, which would not be the case 
were they obtamed from se\ eral children requirmg differing amounts 
of food and presentmg \ anous degrees of renal disease A T pro\ ed 
a most siutable subject Her chrome nephritis was of a y ear s dura- 
tion and edema therefrom recurred gradually but regularly following 
removal b\ a diuretic agent She remamed cheerfully and healthily 
on the constant diet for se^ eral months and proiided fi\ e penods of 
study Single penods of study were obtained from the two children 
without edema 

^ The diet %\as composed of cereal (Cream of Wheat) bread (salt poor), eggs, 
butter (salt free), milk, sugar and orange juice The amounts given were meas- 
ured b\ w eight or v olume Of each article of food the same amount was giv cn dav 
b\ dav The cereal was cooked m a mcasuad volume of XaCl solution which 
provided a u^ual degree of saltiness The chlondc intake was thus onU moder- 
alclv IcssS than is contained in a usual diet 

The sev eral children v, ere giv cn a calonc intake appropriate to their indrvadual 
requirements 

The w atcr intake w as measured and was maintained at a usual lev cl This was 
forB K andj G ,1000cc dailv and for A T 1220cc 


inr JOCTiN kx. or ceixicAt. rvMi^Tic \TioN vou i o A 
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II ACID PRODUCING SALTS 

As inentjoned cibove CciClo taken orally has been shown (6) to be 
physiologically an acid substance by reason of a much greater absorp- 
tion of Cl' than of Ca from the gastro-mtestmal tract The similanty 
of certain physical properties of Ca and Mg suggests that from 
ingested magnesium salts the acid radical may be expected to enter 
the body fluids more extensively than Mg 



Fig 1 Mrasurements of Acid and Basic Radicals in Urine from Ingested 

Salts, CaCh and MgS 04 

Values given represent increase per 24 hours over fore period measurements 

This explanaPon of an aad effect following ingestion oi CaCio 
and of MgS 04 is illustrated by a few measurements, given in figure 1, 
showmg the large excess of aad over basic radicals from these salts 
found m the unne We may note inadentally that the excretion of 
Cl' rapidly approaches the increased intake indicated by the broken 
Ime m the diagram whereas the amount of SO^ found m the urine is 
only a small part of the quantity ingested CaCb is thus indicated as 
producmg a larger aad effect than MgSO^, apparently because of a less 
extensive absorption of SO'/ than of Cl' 
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In order to dearly indicate the aad character of ingested NHiCI, 
the beha\noiir of the chief factors m the management of the increased 
excretion of Cl' following administration of CaQj; and of NHiCl is 
compared by means of a few measurements given m figure 2 As 



Fig 2 LlllstratcsG \mmo\ia-Urea Relationship in Upuxe Following 
Ingestion op CaCb and of NH 4 CI 

Urea gi\ en as cc 0 1 \ NH 4, 1 e , as twice its tenth molecular \ alue The \ alues 
gi\ cn represent increase per 24 hours o\ er fore penod measurements 

ma} be seen in diagram A, CaCl; produces a nse m Cl' accompamed b\ 
a nse m NH^ at the expense of urea as mdicated b> the roughl% pro- 
portional declme in this Nalue The increase is howe\er con- 
sidcrabl} less than the extension of Cl' In diagram B, giMDg the 
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measurements following ingestion of NHiCl, the nse m NH^ is even 
further short of the increase in Cl', and the nse in urea indicates most 
of the ingested NH4 entenng the unne as urea The discrepancy 
between the increase in Cl' and nse in NH4 espeaally in the presence 
of edema is discussed below These few data are presented here 
simply to make clear the point that ammonium salts to such extent as 
they are absorbed are to their full equivalence acids and in the manage- 
ment of their excrebon the ingested NH4 is of no significance 

m INCREASE IN PLASMA ACIDITY ACCOMPANYING THE DIURETIC ACTION 

OF ACID PRODUCING SALTS 

Data illustrating the coinadence of plasma bicarbonate and pH 
lowenng with a diuretic action produced by these salts, indicated by 
decrease m body weight® and increase m unne volume, are given 
graphically in figures 3 and 4 Figure 3 contains the measurements 
from B K (no edema) Calaum chlonde gm 5 5 per day was given 
over a penod of 6 days The data from A T (edema) are represented 
by the diagrams in figure 4 She was given CaCb, NH4CI, and 
(NH4)2S04 m turn, in each instance following a reaccumulation of 
edema and over a penod of four days CaCb gm 6 0 was given in two 
3 0 gm doses for three days After her mormng dose on the 4 th day 
she complained of gastric discomfort and for this reason the afternoon 
dose was omitted The daily dose of NH4CI was 5 S gm and of 
(NH4)2S04 7 2 gm and these amounts were given for three consecutive 
days On the 4th day only the mormng dose was given in order to 
conform with the quantity of salt given dunng the CaCb period of 
study ^ Inadentally it may be noted that following the mormng dose 
on the 4th day she complained in both instances of nausea, although 
during the precedmg three days the salt had been taken ivithout the 
least gastnc discomfort In terms of tenth normal solutions the 
addition to the intake of aad radicals provided by these amounts of 

® In the case of B K (No Edema), body weight measurements were, regrettably, 
not obtauied 

® Solutions of salts were prepared providing the daily intake in the following 
amounts of water CaCfi, 100 cc , NH4CI and MgS 04 , 200 cc The larger amount 
in the case of the ammonia salts w'as used because of Haldane’s statement that 
NH4CI, unless given in fairly dilute solution, tends to cause nausea 
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the se\ eral salts was in each instance 1090 cc 0 lx per day for three 
days and 54-5 cc 0 lx during the fourth day In the case of B the 
aad intake was shghtly less, the 5 5 gm CaCh pro\uding 1000 cc 0 lx 
The total excretion of inorganic aads in the unne from these chDdren 
preceding mgestion of the aad produang salts was foimd to be about 
1000 cc 0 lx daily (see tables 2, 3 and 4, Section V),i e this quantity of 
morgamc aad radicals was dem ed dady from the constant diet This 
\ alue IS mentioned here in order to mdicate the \ er^^ large addition to 


Calcium Chloride 



Fig 3 AlEASunniLEvrs froii B K (Xo Edema) Illcstrating Reduction of 
Plasma Bicarbonate axd pH Accompanying Diutesis Prodlced b\ 
Ingestion of CaCb 

the excretion of morgamc aads caused b} admimstenng these salts m 
amounts corresponding to the dosage of CaCl; usualK recommended 
as efTcctue m obtaimng diuresis The fact that such amounts of 
the salts double the quantiU of aad radicals claiming excretion m the 
unne under usual arcumstances of aad-base metabolism and proade 
no appreaable inaease of fixed base prepares us to find \Mthout sur- 
pnsc a considerable alteration of aad-base adjustments vithin the 
bod\ 
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As may be seen in the diagrams, each of these salts exhibited 
definitely a diuretic action The bicarbonate and pH measurements 
are more precisely gi\en m the next section They are used here 
simply to illustrate clearly the concurrence of diuresis with the marked 
aadosis which these salts produced This relationship is so satisfac- 
torily shown by the diagr ams that further comment is unnecessary^' 
It may here be mentioned that, so far as we are aware, an aadosis 
and diuretic action foUowmg mgestion of (XH4);S04 has heretofore 
not been descnbed 

rv THE FACTORS IX THE CAXJSATIOX OF AX INCREASED PLASMA 
ACIDITA B\ ACID PRODUCING SALTS 

Gamble, Ross and Tisdall (6) foimd as mentioned abo\e that fol- 
lowmg mgestion of CaClo the mcrease of (BCl) m the plasma is closely 
of the same extent as the decrease of (BHCO3) In agreement with 
this findmg they also demonstrated that total fixed base m the plasma 
IS not appreaably changed by administration of this salt The 
reduction of bicarbonate is thus practically entirely referable to an 
extension of (Cl') which dispossesses (HCO3') of aneqmialence of 
base Haldane, HiU and Luck, m their paper appearmg at the same 
time, also noted the close equiialence of the chlonde mcrease and 
bicarbonate reduction m calaum chlonde aadosis Gamble and Ross 
(7) noted that NHiCl gl^enan infant vnth tetany produced closely 
reaprocal changes in (BCl) and I'BHCOa) m the plasma and that mdi- 
cated by stationary^ \alues for (Xa), there was no appreaable loss of 
plasma base 

Data explaimng the bicarbonate reduction seen m figures 3 and 4 
are gi\ en in table 1, and are also presented graphically by means of the 
diagrams in figure 5 The measurements (except those of pH) are 
gi\en as cc 0 In per 100 cc of plasma m order that the\ ma\ be com- 
pared m terms of acid-base eqm\ alence ■* It is behe^ ed that the 

* The actual amount of unnaJent base bound in the plasma is 1 S y (HP0 4 ), 
not twice the cqui\ alence of the concentration of this radical as i:> suggested b\ 
the double \alcnc\ s\mbol This \aluc is easil\ domed from the lact that at pH 
7 4 20 S 0 of (HI'Oi 1 IS bound as BH 2 PO 4 and SO per cent as B:HP 04 The base 
cqun alence of (HPO 4 ) is thub 02^(2X08)=1S This factor t-as used in 
obtaining the \ alue^ gi\ en in the table and diagram^ It w ill be understood that 
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diagrams exhibit more clearly and in better perspective than tabulated 
data the parts of the lomc structure in the plasma and the manner of 
their interdependence The left hand column in each diagram repre- 
sents the fixed base measurement Laid off against this successively 
begmmng at the top are the measurements of such acid values as were 
obtained The unmeasured acid values are contained in the remainder 
of the acid column designated R These are three, SO'/, orgamc aads, 
and the base binding equivalence of the plasma proteins ® Measure- 


TABLE 1 

ShOiVing alterations of certain acid-hase values tn blood plasma caused by tngeslwn of aad 

producing salts 



B K (no edema) 

A T (chronic nephritis and edema) 

Effect of CaClr 

Effect of CaCh 

Effect of NH|C/ 

Effect of 
(NH<)jSOj 

Before 

After* 

Before 

After 

Before 

After 

Before 

After 


cc 

cc 

cc 

cc 

cc 

cc 

cc 

cc 


ojm 

01 N 

0 1 N 

01 N 

01 N 

01 N 

01 N 

01 N 

(Fixed base) 

154 0 

150 0 

151 0 

153 0 


■l.'fiVI] 



(Ca ) 

■I 


4 2 

4 5 


4 1 



(Cl') 

H 

112 0 

114 0 

124 0 

111 0 




(HCO,) 

28 8 

20 0 

20 7 

9 4 

23 7 

9 4 

21 6 

n 9 

(Cl')-l-(HCOi) 

131 8 

132 0 

134 7 

133 4 

134 7 

133 4 

132 6 

131 9 

(HPO') 

2 7 

2 5 


3 5 

3 1 

3 4 

3 1 

3 5 

(SOD 



1 

1 

1 



1 3 

1 2 

pH 

7 37 

' 7 32 

7 18 

7 08 

7 27 


7 27 

- 












* Measurements m the columns marked '^After^' were obtamed at the end of the 3rd 


day of salt administration 

t Per 100 cc of plasma 

the measurements of (HCO 3 O as deterrmned by the Van SlyLe method for plasma 
bicarbonate do not contain the approximately 1/20 of the total (HCO3) m the 
plasma which is present as H HCO 3 , so that as indicated these values for (HCO 3 ) 
cover a full equivalence of base The base equivalence of (CIO of course 1 0 and 
that of (SO 4 O IS 2 0 

® As has been noted (4, page 367), among the three inorganic acid radicals only 
HPO4' binds slightly Jess than its full valency equivalence of base in the plasma 
(CIO (SO 4 O are fully covered by base both m the plasma and in unne (HPO4) 
carries still less of base into acid unne than it binds in the plasma By expressing 
the acid excretion in terms of base bound Mhilc being conveyed in the body 
fluids, an increase maj’’ be correctl}^ compared vith an accompanying increase 
in excretion of NH 4 as a means of estimating fixed base withdraw al 
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mcntsof SO V arc gi\cn in the hst pair of diaj^ams Adjustment of 
the acid side of this structure to tlic fL\ed base lc\cl is an automatic 
consequence of the clasliciU of (HCOO and for this reason this \ alue is 
appropnatch placed at the top of the acid column The acid side 
being adjustable the importance of an accurate maintenance of fixed 
base from the point of \ac\\ of prc5cr\ang a correct total ionic content 
of the plasma is apparent 

In table 1 and in figure 5 it ma\ be seen that in spite of the huge 
addition to the excess of acid o\cr fixed base claiming excretion in the 
unne the plasma fixed base remains closch stationarx- It is not 
desired to intimate that the just measurable diflerences m this \alue 
are \Mthout significance It is probable that small changes ma} con- 
sidcrabh alter processes dependent on osmotic pressure adjustments 
A discussion of these fev\ data from this point of \nev, is, hoi\e\er, not 
^Narranted here As regards the large reduction of bicarbonate which 
e\adcntl\ alters the (BHCO3) (H^CO^) ratio to an extent produang a 
marked increase of plasma aadity the measurements indicate that 
this change is not to appreaable extent caused b\ a depletion of plasma 
base The relationship of (BHCO3) reduction to the large nse m the 
lex el con\e>ance (Cl') is showm m the table bx the nearly stationar> 
xalues for the sum of (HCO3) and (Cl'), and ma} be seen at a glance m 
the diagrams The aadosis produced by ingestion of CaCb or of 
NHiCl IS thus, as might be expected, understandable as a direct con- 
sequence of the greatl} increased quantit} of Cl' demanding trans- 
port It could scarce!} hax e been antiapated hoxvex er that a reduc- 
tion of (BHCO3) following ingestion of (XHil^SO^ would also be found 
to be caused b} an eqmx alent extension of (Cl') The measurements 
of (SO'/) were made with the expectation that increase m this xalue 
might explain the low ermg of (BHCO3) As may be seen howex^er m 
table 1 and figure 5 the relatix ely x erx small concentration at which 
(SO'/) is earned m the plasma was not measurably altered by adminis- 
tration of (NIl4)2S04 m spite of the fact that, durmg this penod, about 
four times as much SO'/ was earned mto the urme per day as durmg 
the fore penod (see table 4 , Section 5 ) That the immediate cause of 
reduction of (BHCOa) after gixnng (NH4)2S04 is an extension of (Cl') 
just as occurs following mgestion of CaCb or NH4CI is clearly apparent 
m the diagrams in figure 5 This large mcrease m (Cl'), related m 
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Fig 5 Illustrating Changes Produced in Acid-base Combosition of Blood Plasma by Ingestion of CaCJ^ 

NH4CI, AND (NH4)2S04 

Diagrams constructed from measurements given m table 1 
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some to an increased mclibolism of SO'/ must be of considerable 
significance as regard^^ the rule of (Cl') in the mechanism managing 
aad-ba‘^c adjustment‘s in the bod\ fluids This significance hov.e\er, 
IS not easih discernible and it is desired here simpU to report this 
finding wthout surmise as to its import 

Measurements of (HPO'/) were obtained to coaer the possibihty 
that phosphate retention might be a factor in (BHCO3) reduction m 
the case ot the ncphntic child V T Xo appreaable increase of this 
plasma aad was found \s regards the extent to which phosphate 
retention ma\ be a factor in produang aadosis, it should be appre- 
aated that a relati\cl\ ^er^ large increase in (HPO'/) would be neces- 
sary in order to cause any considerable reduction of (BHCO3) If 
the usual magmtudes of these \ alues as showai in figure 5 be compared^ 
It wnll be apparent that (HPO'/) must increase se\eral fold to cause a 
moderate reduction of (BHCOa) In contrast, a 20 per cent increase 
in (Cr) w^ll lower (BHCO3) by more than one-half of its usual \alue 
Mamott and Howland (11) and later, Dems and Minot (12) ha\e 
pubhshed measurements of phosphate retention m nephntis a few of 
which are of a magnitude suffiaent to reduce a normal (BHCO3) by- 
one-third or e\en by^ one-half Such \ alues were, howe\er, nearly 
always obtained m the terminal and uremic phase of the disease 
The calaum measurements gi\en in table 1 demonstrate that this 
base factor m the plasma is not appreaably altered by" mgestion of 
large amounts of a calaum contauung salt It remains somewhat 
below Its usual ^alue which may be taken as 5 0 cc 0 In per 100 cc 
of plasma This lowering of (Ca ) is a usual findmg m nephritis w-ith 
edema The shght extent to which the fixed base of the plasma is 
composed of (Ca ) is mdicated in the diagrams (figure 5) That 
reduction of (BHCOj) produced by^ these salts m the manner just 
described is accompamed by^ a marked mcrease m plasma aadity" is 
showm by the direct measurements of plasma pH given m table 1 
An important pomt appearing m these data is the fact that the 
changes m the plasma produced by these salts, viz , mcrease m (CP) 
reduang (BHCO3) and thus increasing aadity^, were foimd to be 
already estabhshed to a considerable degree m the case of A T ^ 
the child with nephritis and edema, before the salts were gix en The 
degree of chlonde aadosis presented by^ A T (edema) before mgestion 



372 


DIURETIC ACTION OF SALTS 


of the salts may be appreciated by a glance at the diagrams in figure 
5 For instance, before CaCb was given, (Cl') was found increased 
and (HCOQ reduced to approximately the extent found m the plasma 
from B K (no edema) after ingestion of this salt, as may be seen by 
companng these adjacent diagrams Since an increased acidity of the 
plasma brought about by a rise in (CF) is found to be accompamed 
by an increased rate of removal of water from the body, it is perhaps 
not unreasonable to regard the unusually high (Cl') observed in the 
plasma of A T , not as a retention in the pathological sense, but as a 
benefiaal adjustment in the presence of an obstacle imposed by disease 
As possibly supporting this interpretation of the increased (Cl') it 
may be pointed out that the resultant nse in plasma acidity must be 
regarded as surpnsingly large if our customary assumption that even 
very considerable reductions of (BHCO3) are closely compensated for 
by respiratory adjustment is correct As further comment in this 
direction, it may be suggested that the finding of an altered factor in 
the plasma should not constitute an unquahfied mdication to restore 
it by some direct means to its usual value At any rate in this instance 
m the presence of an acidosis, not bicarbonate, but a salt increasmg the 
degree of plasma aadity, produces an apparently desirable therapeu- 
tic result, VIZ , a removal of superfluous body water 

v THE INCREASE IN FIXED BASE EXCRETION IN THE URINE AND 

BEHAVIOR OF THE FACTORS OF ACID EXCRETION FOLLOWING 

INGESTION OF ACID PRODUCING SALTS 

The increase m the excess of acid over fixed base clainung excretion 
in the unne caused by mgestion of aad produang salts must obviously 
be accompamed by an eqmvalent extension of the factors which spare 
the use of fixed base m the process of acid excretion if withdrawal of 
fixed base from the body is to be prevented The conveyance of an 
acid excess into the unne is, as has been shown by Henderson (13) and 
Henderson and Palmer (14), undertaken by the operation together of 
two adjustments, a regulated production of ammoma at the expense of 
urea and an absolute savmg of base obtained by secretion of unne 
at a pH lower than that of blood plasma Ammonia production is 
usually the larger and is also much the more extensible of these two 
factors Under the circumstances present in these studies, increase m 
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ammonia production IS prTCticalh the onI\ adjustment a^allablc dur- 
ing the penodb of incrca‘=^c in acid excess for the reason that the fore 
period unnes arc of a reaction near the ph\ siological limit of acidit> 
so that no apprcaablc increase in base sa\ang is obtainable by the 
shght further low enng of unne pH \\hich is possible A glance at the 
icw data represented in the diaerrams in figure 2 wall seiae to clearh 
indicate the fact that extension of the ammonia factor falls far short of 
the increase in excretion of the and radical of the ingested salt It 
ma\ be correeth inferred from these data that the discrepancx between 
the increase of Cl' and that of XHi indicates a withdrawal of fixed 
base from the bod\ We should not, howe\er, regard Cl' — NH< as 
accuratcK measunng the increase in fixed base excretion without first 
testmg the possibihu of minor alterations in the metabolism le\eb of 
the other aad radicals in the presence of the large increase in the in- 
take of Cl' In order to dclermme fairlx completeU all of the factors m 
the situation, the following measurements w ere obtained from 24-hour 
unne specimens collected before, dunng and following the penods of 
salt administration \olumc pH, inorgamc sulphates and phosphates, 
chlondes, ammonia fixed base, and as a means of estimating the 
accuracx of collection of the 24-hour unne specimen, creatinine 
Because of the presence of albumin in the specimens from A T 
(edema), measurements of the titratable aadit} of the unne and of 
the orgamc aad excretion were not undertaken has just been 
mentioned, the base-saxing factor which is measured b\ the titratable 
aadit} of the unne is not appreaabl} operati\ e m cox ermg the mcrease 
in aad excess produced b> the salts These data are contamed m 
tables 2, 3, and 4, the measurements of base being gixen as cc 0 lx 
and those of the inorgamc aad radicals as cc 0 lx of base eqmx alence 
at the reaction of blood plasma Except for those obtained dunng a 
penodof ^IgS04 administration to A T and gix en m the upper section 
of table 4, the measurements m these tables were ob tamed dunng the 
penods of study which supphed the data gix en m the preceding sec- 
tion Attention may perhaps be first directed to certain small changes 
m the excretion lex els of the aads other than the one contained m the 
mgested salt As may be seen in table 3-A, the large maease m Cl' 
m unne dunng ingestion of CaCl; by A T is accompamed by defimte 
deaease m HPO4 excreuon and also a just discernible reduction of 
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SO4 The increase in total acid excretion due to Cl' is thus in this 
instance to a sbght extent offset by a decrease in HPO4 and SO4 
These changes can be reasonable explained as due to a reduction of 
HPO4 and SO4 absorption caused by an increased formation of in- 
soluble calcium phosphates and sulphates in the intestine They are 
not, however, distinctly apparent in the unnes from B K when the 
same salt was given (see table 2) As would be expected on the basis of 
the surmise just offered, administration of NH4CI did not lower the ex- 
cretion levels of HPO4 and SO4 (see table 3-B) In table 4 may be 

TABLE 2 


B K {110 edema) Calcium chloride period of study Measurements from 24 -hour urine 

specimens 


Day 

CaCls 

Ingested 

Unne 

volume 

Great- 

mme 

pH 

SO4' 

HPOi' 

Cl' 

NHj 

Fixed 

base 

Increase over fore 
period 

cr 

NH 4 

pLxed 

base 


cc 




CC 

cc 

cc 

cc 

cc 

cc 

cc 

cc 


01 N 

cc 

VIS 


0 IN 

Q IN 

OlN 

OlN 

OlN 

0 1 N 

01 N 

OlN 

1-4 

0 


355 


236 

357 

354 

228 

548 




1 

1000 

1040 

360 

5 0 

229 

317 

891 

326 

931 

534 

98 

383 

2 

1000 

1060 

398 

4 7 

246 

348 

1191 

549 

1072 

837 

321 

524 

3 

1000 

930 

348 

5 0 

231 

316 

1086 

776 

686 

732 

548 

138 

4 

1000 

1100 

1 366 

5 1 

, 265 

, 338 

4257 

840 

745 


612 

197 

5 

1000 

860 

370 

5 3 

233 

238 

|11S6 

986 

566 

832 

758 

18 

6 

1000 

1010 

418 

5 3 

313 

335 

1257 

1123 

651 


895 

103 

1 

0 

940 

325 

6 2 

252 

299 

700 

928 

250 

346 


-298 

2 

0 

670 

333 

6 0 

280 

306 

393 


171 

39 

452 

-377 

3 

0 

910 

349 

6 0 


319 

371 

461 

306 

17 

233 

-242 

4 1 

0 

800 

333 

5 9 


343 


325 

584 

96 

97 

36 


seen dunng the first several days of the MgS 04 and (NH4)2S04 penods 
a fairly large increase in Cl' An explanation of this event wfil be 
undertaken below As indicated in figure 1, the fixed base excretion 
contains only to a sbght extent Ca or Mg from the ingested salt 
All of these changes just noted are, however, relatively small The 
increase in total acid excretion may therefore be approximately 
detemnned by measuring the increase in the unne of the aad radical 
of the ingested salt and, by subtraebng from this value the ammoma 
increase, the vathdrawal of fixed base from the body may be fairly 
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closch estimated \\ c ere liow e\ er, at pains to directlj measure the 
fixed base excretion bj tlie method of Fiskc The chief purpose of 

T\nLE 3 

Duta from 1 T (eden a) Cakttiir cUcrtde and an n ot turn (Monde periods of study 
\{c<isurcp*cnts frorr conscLutre 24 lour urine specimens 







1 



Increx eo\cr fore 


LrL’'e 

\olumc 

Crtat 

pH 

$0, 

Hpo, a 

wu 

Fixed 

1 base 


pcri>>d 


pi\en 

inirc 

a 

VUi 

Fncd 

1 bo-e 


1 


i 


i 


\ CaCl penod 



cc 

0 1 \ 

c<r 

nf 

1 

(C 1 

01 ^ 

I 

01 \ \ 

fC 1 

0/ ^ 1 

ec 

0 1 ^ 

cc 

0 1 ^ 

cc 

0 1 \ 

cc 

01 \ 

cc 

0 1 \ 

1-3 

0 

S70 

525 

5 0 

196 

331 

443 1 

339 

530 




1 

1090 

1000 

520 

5 0 

161 

164 j 

1071 

336 

974 

628 

-3 

444 

2 

1090 

1130 

544 

5 0 

205 

205 

1307 

401 

loss 

864 

122 

558 

3 

1090 

990 

520 

5 0 

1 196 

258 

1357 

518 

jl394 

914 

179 

864 

4 

i 

545 

1140 

528 

5 0 

156 

248 

1 

ilOlS 
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864 

575 ! 

1 

149 

334 

1 

0 

970 

521 

5 0 

221 

1 

315 

686 

586 ' 

576 

243 

247 

46 

2 * 

0 

870 

578 

5 1 

261 

342 1 

650 

600 

572 

207 1 

261 

42 

3 

0 

1040 

506 

5 2 

235 

311 i 

471 

721 

523 

28 ! 

382 

-7 

4 

0 

910 

470 

5 2 

220 

306 

529 

529 

461 

86 

190 

-69 

5 

0 

950 

470 

5 2 

194 

324 

479 

475 

471 

36 

136 

-59 

6 

0 

815 

1 525 

5 1 

1 194 

313 

457 

1 407 

495 

14 

68 

-35 


B XH 4 Q penod 


1-3 

0 

870 

450 

4 

6 , 

215 

340 

390 

261 

562 




1 

1090 

1000 

540 

4 

6 

217 

331 

700 

266 

862 

310 

5 

300 

2 

1090 

980 

540 

4 

6 

218 

325 

1007 

342 

1086 

617 

81 

524 

3 

1090 

1200 

522 

4 

9 

217 

359 

1286 

435 

1388 

S96 

174 

826 

4 

545 

890 

580 

4 

9 

197 

334 

807 

438 

872 

417 

177 

310 

1 

0 

975 

555 

4 

9 

209 

331 

700 1 

486 ! 

632 

310 

225 

70 

2 

0 

1050 

522 

4 

9 

202 

305 

634 

520 

60S 

244 

259 1 

46 

3 

0 

960 

555 

4 

9 

201 

322 

586 

452 

570 

196 

191 ' 

8 

4 

0 

S95 

540 

4 

9 

187 

325 

521 

425 

526 

131 

164 

-36 

5 

0 

1130 

522 

4 

9 


369 

463 

414 

46S 

73 

153 

-94 

6 

0 

1000 

540 

4 

8 

182 

331 

393 

361 

544 

3 

100 

-18 


these data being to illustrate the manner and extent of fixed base 
removal from the body during adnumstration of aad produemg salts, 
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the three essential measurements are those of the increase in unne of 
the aad radical of the ingested salt, ammoma, and fixed base, over fore 
period values The values found for these three factors are given in 
heavy faced type in the last three columns of the tables In order to 
make their relationship easily apparent, they are, except for the 


a Bays 1^3^561^3^ 



Fig 6 Data prom B K (No Edema) Representing Factors Determining 
AN Increased Excretion of Fixed Base in Urine During a 6-day 
Period of CaCb Administration 

Measurements are those of increase over fore period values given in heavy 
faced type m table 2 

measurements obtamed dunng the MgSOj penod, also presented 
graphically by means of the diagrams in figures 6 and 7 The base 
hne m these diagrams is the fore penod level, increase being plotted 
above and decrease below this line Diagrams presenting the results 
of two additional penods of study are given m figure 8 These were 
obtained from A T (edema) and J G (no edema) before, dunng, and 




Fig 7 Data from \ T (Edema) Representing Factors Determtntng an 
Increased Encretion of Fixed Base in Urin'E Dering 4-da\ Periods 
OF Ingestion of CaCIi, XH 4 CI, axd of (XHi)2S04 

Measurements are those of increase o\ er fore penod % alues grv en m hea\*j faced 
tjTpe in tables 3 and 4-B 
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following S-day periods of administration of NHiC], gm 3 0, per 
day, 1 e , approAimately one-half the amount of salt given A T 
during the period already described 
The diagrams will, it is believed, make unnecessary more than brief 
comment on the unne findings The rough agreement of fixed base 
withdrawal 'with the extent to which NH4 fails to cover the aad 
increase is easily apparent Attention may be called to the nearly 
identical character of the diagrams m figure 7 representing changes 
m the three factors produced by ingestion of eqmvalent amounts of 
CaCh and of NH4CI The fact that there is essentially no difference 
m the manner and extent of base withdrawal caused by these salts 
would seem to qmte clearly indicate that, m the case of CaCfi, Ca 
plays no r 61 e in this action The lower diagram in the figure illustrat- 
ing the changes produced by an eqmvalent amount of (NH4)2S04 
fairly closely resembles those of the acid chlonde penods The fact 
that the fixed base points at first he above those measurmg the SO 4 
increase is explained by an accompanying mcrease m Cl' dunng the 
first two days of the penod (see table 4 ) Absorption of SO4 when 
given as (NH4)2S04 is thus seen to be practically as extensive as that 
of Cl' from CaCh or NH4CI In contrast may be noted the much 
smaller amounts of SO4 found in the unne when MgS04 in much larger 
dosage was given (see table 4 ) This difference is in part, but probably 
not entirely, due to the fact that the large amount of MgS 04 given 
produced copious catharsis It may be mentioned here that dunng 
none of the other penods of study did the salts in the amounts used 
cause catharsis The data in table 4 — A are given simply to demon- 
strate that MgS04 IS to shght extent an acid producmg salt and, in 
addition to its action as an intestinal hydragogue, causes also to a 
measureable extent a removal of fixed base by way of the kidney 
As regards a probable practical usefulness of (NH4)2S04 as a diuretic 
agent, it may be further mentioned that in solution it is very much 
less disagreeable tasting than CaCh or NH4CI 

Another chief point which these data demonstrate is tliat the acid 
producmg salts when given the child ivith nephritis and edema caused 
a more rapid and longer sustained removal of fixed base than occurred 
when such a salt was taken by B K or by J G , the children without 
edema or renal disease This difference may be seen at a glance by 
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companng the diagrams (figures 6 and 7) representing the measure- 
ments obtained dunng the CaClj penods of B K (no edema) and A T 


TABLE 4 


DJtafrcm A T {ederra) sulpJatc ard amrronium siilpl aU periods of study 

^[casurcn cuts from consccutre 24 ho ir urine specimens 


Salt 

Cnne 

Cirat 

pn-cn 

Tolumc 

irjre 



ll?0^ ' Cl 


i 

base 

1 

Incrcojc over fo e 
j period. 

j ! 


Cl 

viu 

Hied 

bliC 


\ '\IgSO<pcnod 



cc 




cc 

cc 1 

cc 1 

cc 

cc 

cc 

1 cc 

cc 


01 ^ 

cc 

r* 


0 I % 

01 \ ] 

01 \ 

0J\ 

0 ; 

0/A 

1 0 / A 

0 / V 

1-3 

0 

840 

490 

4 9 

212 

1 

302 1 

428 

i 196 

674 




1 

5000 

940 

1 

500 

4 8 

583 

290 

i 

i 379 

230 

948 

371 

36 

274 

2 

5000 

1125 

495 

4 S 

532 

331 : 

CO 

275 

1194 

320 

79 

520 

3 

5000 

720 

4S0 1 

4 8 

561 

365 1 

1 529 ! 

317 I 

748 

349 

121 

74 

4 

5000 : 

710 

475 

4 9 

44S 

328 

, 543 

375 

616 

236 

179 

-58 

5 1 

2500 ' 

715 

475 

4 9 1 

3(A ' 

305 1 

1 321 1 

1 375 

562 

152 

179 

-112 

6 ! 

2500 ! 

815 

505 ■ 

4 9 

5S3 

325 

1 400 

404 

SOS 

371 

208 

134 

7 

2500 

720 ; 

475 

4 9 

CA7 

305 1 

357 

367 

851 

435 

171 

177 

8 

2500 

760 ' 

505 

4 9 ' 

773 

305 ' 

357 

379 

889 

561 

1 183 

1 215 

1-3 

0 

726 

500 

5 0 

396 

342 

3S6 

436 

600 i 

183 

240 

-74 


B (XH|) SO^ penod 


1-3 

0 

1070 

520 

4 4 

204 

320 

370 

187 

521 




1 

1090 

1200 

564 

4 4 

636 

331 

489 

232 

1104 

432 

45 

583 

2 

1090 

1280 

572 

4 4 

892 

1 358 

1 520 

358 

1277 

688 

171 

756 

3 

1090 

1025 

1 523 

: 4 8 

; 705 

319 

306 

433 

814 

501 

246 

293 

4 

545 

; 1030 

! 550 

1 

4 8 

843 

364 

i 306 

565 

772 

639 

1 378 

251 

1 

0 

1115 

545 

5 0 

602 

338 

403 

591 

662 

398 

404 

141 

1* 

0 1 

1 





457 1 






3 

0 

900 

575 

5 2 

199 

319 


458 ' 

438 

-5 

[ 271 

-83 

4 

0 

960 

515 

5 2 

171 ' 

290 

400 

382 

372 

-33 

19S 

-149 

5 

0 

1000 

495 

5 2 

175 

296 

386 

370 

406 

-29 

183 

-115 

6 

0 

920 

525 

5 0 

186 

288 

386 

323 

400 

-18 

136 

-121 


* Collection of 24-hoiir specimen was mcomplete. 


(edema), and the immediate cause of the larger withdrawal of fixed 
base from A T is at once discernible m the sluggish rise of the hne 
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measuring NH 4 increase m contrast with its rapid ascent m the case of 
B K , the rate of acid increase in the unne being approximately the 
same for both subjects The differences in the behaviour of the three 
factors m the presence andinthe absence of nephritis and edema during 



Fig 8 Data from J G (No Edema) and A T (Edema) Representing Fac- 
tors Determining an Increased Excretion of Fixed Base in Urine 
During S-day Periods of NH 4 CI Administration 

Measurements are of increase per 24 hours over fore period values 

longer periods of ingestion of smaller amounts of salt, in this case 
NH4CI, by A T (edema) and by J G (no edema) are shown by 
the diagrams m figure 8 The slower nse in ammoma production and 
in consequence the much larger loss of fixed base in the case of A T 
(edema) are here seen agam In these diagrams may be noted a 
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difference in the rate of Cl' rcnio\ al ulnch docs not appear in the data 
from the CaCU penods of \ P and li K Here in contrast vath the 
prompt appearance of the added CP intake in the unne Irom J G 
(no edema) the increase in Cl' excretion mounts gradual!} in the ease 
of A T (edema) the initial lag ]io\\e\er being made up for b\ an 
ultimate nsc abo\c the ]c\el of added intake indicated b} the broken 
line across the chart To compare in total \alues the loss of base 
from these two children, the sum of the daih measurements of 
increase in fixed ba^c excretion dunng the S da}s of XH<C1 adminis- 
tration IS 1129 cc 0 In for J G (no edema) and 3332 cc 0 In for 
A T (edema) Dunng the 4-da} after penods J G regained 61 3 cc 
0 In and \ T onh 160 cc 0 In 

Haxang indicated the manner and extent of the increased excretion 
of fixed base in the unne dunng the penods oi administration of aad 
produang salts it is ob\aousl} neccssaix to undertake to explain the 
close!} stationara concentraUon of fixed base in blood plasma shown 
b} the data gixen m the preceding section The terms of the situa- 
tion practical!} demonstrate its explanation Assuming a mainte- 
nance of absolute!} stationan concentrations of fixed base in the bodv 
fluids in the presence of a remo\al of fixed base into the unne, it is 
on!} possible to infer an accurately proportional reduction of the 
\ olume of the bod\ fluids from w hich the fixed base loss den\ es The 
measurements of plasma base gi\en m Section III, while regarded as 
demonstrating on!} an approximate!} stationar} concentration, are 
ne^e^theless so near the usual \alue as to indicate with certamty a 
dose relationship between the loss of bod} water and the mcreased 
excretion of fixed base Data lUustratmg the dosel\ proportional 
withdrawal of body water accompaa}ing the excretion of fixed base 
m unne dunng periods of fasting ha\ e been published by Gamble, 
Tisdall and Ross (15) It is therefore permissible to r^ard the 
mcrease m excretion of fixed base m unne shown abo\ e as roughi} 
measunng the diuretic action of the aad produang salts The 
mcrease of Cl' m the unne accompan}ing the diuretic action of MgSO^ 
or of (NIL) 2 S 04 can be satisfactorily explained m terms of the concep- 
tion here being used At least m blood plasma, Cl' is the largest acid 
factor, coxenng about three-fifths of the total plasma base (see dia- 
grams m figure 5) A loss of body water, espeaaUy if chiefly from 
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the extra-cellular compartment, should therefore produce a consider- 
able increase m tlie amount of Cl' entenng the unne A ivithdrawal 
of Cl' also occurs during the acid chlonde penods For instance it 
may be computed from the data used in constructing the diagrams in 
figure 8 that tJie increase of Cl' in the unne for the 12-day penodswas 
actually more than the total of increased intake dunng the 8 days that 
NH4CI was given The values thus obtained are increased intake 
(both subjects) 4760 cc 0 In, increased excretion J G (no edema) 
4827 cc 0 In and A T (edema) 4974 cc 0 In The surplus of Cl' 
excretion over intake is thus larger in the case of A T (edema) cor- 
responding appropriately to a larger removal of body water Inci- 
dentally these data inadate an unimpaired ability of the kidney in the 
case of the nephntic child to eliminate Cl' and support the surmise 
that the increase of (Cl') found in the plasma before adnumstration of 
the salts (Section TV) should be regarded as an adjustment and not as 
a fault of renal fimction These data also indicate the probabihty 
that the tendency to edema which mgestion of NaCl sometimes 
produces m nephntis is referable to Na and not to Cl' and suggest 
that nephritic diets might safely and also beneficially, but unfor- 
tunately not palatably, contam the aad chlorides 

VT COMPOSITION OF FIXED BASE EXCRETION IN URINE FOLLOWING 
INGESTION OF CALCIUM: CHLORIDE 

The fixed base concentrations of the body flmds are composed chiefly 
of (Na) and (K), the former constitutmg nearly all of the base m 
extra-cellular water and the latter at least two-thirds of the base in 
intra-ceUular water ^ Regarding an mcrease m fixed base excretion 
as consisting of the base content of a portion of body water which has 
been removed, analysis of its composition, espeaally as regards Na 
and K , should serve to indicate the source of the withdrawn water 
The amounts of K , Ca and Mg m the unne specimens collected 
during the calaum chlonde penods of study from both B K (no 
edema) and A T (edema) were directly determmed and a value for 

“ Tins statement is based on a companson of the concentrations of the four bases 
in the water of blood plasma and of muscle tissue contained in a paper by Gamble, 
Ross and Tisdall (15) discussing fixed base metabolism 
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Xi ^\as obtained by subtracUng the three other bases from the total 
fixed base measurement T hese data are gi\ en in figure 9 Interpret- 
ing the measurements of Xa and K according to the premise just 
suggested the diagrams indicate a rcmo\al of water from both the 



Fig 9 Data froh B K (No Edema) axt) \ T (Edema) Showtxg Composihox 
OF Fixed Base Exceettov in Urine Dureng 4-da\ Periods of CaCb 

\dministration 

Aleasuremcnts from 24-hour unne spearaens 

mtra- and extra-cellular compartments, from the former more rapidly 
at first and from the latter o\er a longer period A glance at the 
diagrams also proaades the information that m the case of B K. 
(no edema) about the same amoimts of extra- and of mtra-cellular 
w ater have been withdrawn whereas the much larger water loss from 
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A T (edema) is, as would be expected, largely composed of extra- 
cellular water The data m table 5 i\t11 serve to illustrate further 
these diflercnces as regards amount and source of the ivithdrawn water 
depending on the presence or absence of edema fluid in the body The 
values given arc for total increase of excretion of each of the four bases 
for the first four days and for the entire eight days of the study per- 
iods computed from the fore penod values Here may be noted 
the much larger excretion of Na than of K dunng the penod of CaCb 
administration in the case of A T (edema) and also the lack of recov- 
ery of Na during the four-day after period In contrast, B K loses 
rather more of K than ol Na dunng the first four days and entirely 
replaces Na dunng the following four days although CaCb ingestion 


TABLE s 

Composition of increase of fixed base excretion in urine produced by CaCh 


Period 


Total 
fixed base 

Na 

K 

Ca 

Mg 

days 1 



cc Ot iV 

cc OtjV 

cc 0 1 N , 

cc 0 1 N 

cc 0 1 N 

4 ( 

B 

Iv (no edema) 

1242 

455 

569 

2S4 

37 

" 1 

A 

T (edema 

2200 

1238 

751 

1 

157 

' 54 

8 ( 

B 

K (no edema) 

6S8 

-178* 

296 

553 

29 

' 1 

A 

T (edema) 

' 2212 

1245 

859 

SI 

21 


* The minus sign here mdicatcs that according to the rough method of obtaining this 
\ alue the earlier loss of Na uas to this extent more than replaced 


was continued through the first two of these days A point of interest 
appearing in this table is the large total (553 cc 0 In) for increase in 
Ca excretion for the eight-day penod of B K (no edema) This 
value constitutes nearly all of the base defiat (688 cc 0 In) reniaimng 
at the end of the penod In tlie case of A T (edema) the much larger 
base deficit (2212 cc 0 In) contains a relatively ver}^ small amount 
(81 cc 0 In) of Ca That Ca may be withdrawn Irom Ca deposits 
for use in the process of acid excretion m defense of the fixed base 
concentrations of the body flmds has been shown by Goto in the case 
of animals fed with mmeral acids Gamble, Ross and Tisdall found 
evidence that Ca is used in this wa}'’ dunng the acidosis produced by 
fasting Here Ca is abundantly available from the ingested salt and 
it IS interesting to find that m the case of a correct total fixed base 
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content in the bod> (B K ) Ca seems to be used defensively whereas 
m the presence of superfluous fixed base (and vater) the excretion of 
Ca in the unne is apparent!} so managed as not to appreciably 
obstruct a removal of Na and K 

Vn DISCUSSION 

In undertaking to explain the diuretic action of aad producing salts 
in terms of the findings gi\cn abo\e, unfortunately at once 
encounter a familiar dilemma Is the removal of body water a con- 
sequence of a forced withdrawal of fixed base or, vice versa, is a 
reduction of the volume of bod} water the mitial event? We may 
fairly reasonably imagme that the huge addition to the excess of aad 
over fixed base presenting for excretion in the urme when these salts 
are given overtaxes the factors defending fixed base in the body fliuds 
and produces a loss of fixed base which is accompanied by the water 
which contamed it within the body If this be the case, and regarding 
the kidney as the locus of the regulated production of ammonia, as 
has been well argued by Nash and Benedict (16), the much larger 
removal of fixed base obtained m the presence of nephritis may be 
plausibly explamed by assuming that advantage is here taken of a 
disabled ammonia factor Such an explanation excellently smts the 
relationship of the three factors as displa} ed m the diagrams m Sec- 
tion V, but does not well agree with the fact that non-nephntic edema 
may sometimes be effectively treated by mgestion of aad produang 
salts 

The alternative view of the sequence of events following mgestion 
of the aad produang salts consists m surmising a reduction m the 
volume of body water caused by the demonstrated maease m aadity 
and possibly other ph}’Sico-chemical changes The volume of body 
water bemg set at lower level in consequence of alteration of mtemal 
factors controlhng it, the mechanism regulating the exaction of fixed 
base correctly permits the cast out body water to cany with it its con- 
tent of base A causative relationship of an maeased aadity in the 
bodyflmds to seaetion of a portion of body water may not at present 
be assumed with the certamty that apphes m referrmg the maeased 
fixed base exaction to the defiat m ammonia productiorL We have, 
however, the knowledge that an maeased aadity m the body flmds 
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lowers the base binding capacity of protein, a change which must 
according to the terms of the Donnan equihbnum theory considerably 
alter osmotic pressure adjustments between the several compartments 
of body water Accordmg to J B S Haldane ( 9 ), the changes pro- 
duced by an increased aadity should favor a movement of water m 
the direction of the kidney The view that the diuretic action of these 
aad produang salts is m some way a consequence of the mcreased 
aadity which they produce m the body flmds is obviously the prefer- 
able one since it mcludes in the mechamsm of this acbon the striking 
alterations of structural factors found in the blood plasma and also 
permits a qmte satisfactory explanation of the increased excretion of 
fixed base in the urine 


Vin STOIMARY 

Following mgesbon of CaClj, hJHiCI, MgSO^ or of ('NH4)2S04 in 
considerable amounts, the quanbty of inorgamc aad radicals which 
must be conveyed through the body flmds is greatly inaeased without 
an appreaable accompan3ang maease m the amoimt of fixed base 
presentmg for transport These salts are for this reason descnbed as 
aad produang 

Admmistrabon of these aad produang salts causes an mcreased 
aadity of the body flmds demonstrable m the blood plasma and an 
increased excrebon of fixed base m the unne The immediate cause 
of the maeased aadity of the body fluids is an extension of (CIO 
with the result that, fixed base remaining fairly stabonary (BHCO3) 
is eqmvalently reduced, a change which is only shghtly compensated 
for by respiratory adjustment of (H2CO3) This mcrease of (CIO is 
found foUowmg admmistrabon of the sulphates as well as after mges- 
bon of the chlorides In the presence of edema and nephritis an 
aadosiS due to extension of (CIO was found to be already estabhshed 
before the aad produang salts were given Probably m consequence, 
the degree of mcreased plasma aadity found after admmistrabon of 
the salts was much greater than m the case of subjects without edema 
and havmg an mibaUy usual plasma (CIO The maeased excrebon 
of fixed base m the urme represents a defiat m the maease of ammoma 
production as compared with the maease m aad excrebon caused by 
the ingested salt and was foimd to be much larger and longer sustained 
m the presence of edema 
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The changes which the aad produang salts cause in the blood 
plasma arc accompanied bj aremo\alof bod> '^^atcrwhichy as indicated 
b} the nearl} stabonarj values for fixed base found in the plasma, is 
closely proportional to the increase of fixed base excretion in the unne 
Regarding the composition of the increase m fixed base excretion as 
indicating the source of the withdrawn body water, an anal>^ of 
this increase shows a withdrawal of both extra- and of mtra-cellular 
water, of the former at first more rapidly and of the latter over a 
longer p>enod In the presence of edema much the greater part of 
the water remo\ ed is from the extra-cellular compartment 
The diuretic action of these salts may probably be correctly referred 
to the mcrease m aadit\ of the body fluids which they all, as regards 
immediate cause, produce m an identical manner The change m 
reaction is of such degree that it must according to the terms of the 
Donnan equihbnum theor)^ considerably alter osmotic pressure 
\^ues m the body fluids, and these alterations may reasonably be 
suspected as the factors m the ensuing removal of a portion of body 
water In the presence of a reduction of the volume of body water, 
the mcreased excretion of fixed base in the unne is easily understand- 
able as a correct adjustment of the mechanism controUmg fixed base 
excretion m defense of a stationary’' concentration within the body 

CHEMICAL METHODS USED 
Blood plasma values 

These, except for pH, were actually obtained in samples of blood serum for the 
reason that the total fixed base measurement obviously could not be obtained 
in oialated or atrated samples “Plasma” bemg for purposes of discussion the 
more suitable term, is used throughout and the probably very shght error con- 
tamed m the assumption that plasma values may be measured in serum samples is 
neglected The blood samples were collected m a Luer glass synnge and then de- 
livered throng small bore glass tubing and under oil into 15 cc centrifuge tubes 
which were filled to the top and stopjiered with a one-hole rubber stopper, per- 
mitting expulsion of superfluous oil, and the hole then closed with a gT a *? s plug 
References to descriptions of the methods used are as follows Total Fixed Base, 
Fiske (17), Bicarbonate, Van SlyLe (18), Chlorides, Fiske (to be published) , P/ror- 
phates {inorganic), Bnggs {19) , Sulphates {inorganic),!)^!^ (20) , Calcium, Kramer 
and Tisdall (21), with the alteration that, instead of using the peniaanganate 
titration, the ppt was igmtcd m a platinum dish then dissolved m 0 015 HCI and 
titrated back with 0 OIN NaOH (suggested by Fiske) pH was detennmed in 
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separately obtained samples by a modification of Cullen’s colonmetnc method 
devised by Hawlans (22) 

Vrim valiies 

Total Fvxcd Base, Fiske {il) , Chlorides, Volhard htra.tion, Phosphates {inorganic), 
Bnggs (19), Sulphates {inorganic), Fiske (23), Ammonia, Fobn and MacCallum 
(24), Potassium, Tisdall and Kramer (25), Calcium, some of the measurements 
were obtamed by the method of McCrudden (26) and others by the micro-method 
of Tisdall and Kxamer (25), Magnesium, McCrudden (26) and also Bnggs (27), 
pH, Palmer and Henderson (28) Toluol was the preservative used dunng collec- 
tion of the 24-hour specimens 
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CLINICAL OBSERVATIONS ON THE T WA\T: OF THE 
AURICLE APPEARING IN THE HUMAN 
ELECTROCARDIOGRAiVI 

HOWARD B SPRAGUE* akd PAUL D WTHTTE 
(Frcrr the Cardiac Clinic of the ^tassacl usc^ts Gcrcrcl Hospital, Boston) 

(Rccci\Td for publication, December 16, 1924) 

There has been considerable difference of opinion during the de- 
^ elopment of electrocardiograph} as to the relationship between the 
electrical phenomena of the heart beat, as recorded by the electro- 
cardiograph, and the attendant muscular actl^aty It has come to 
be generally held that the waies of the electrocardiogram mdicate 
the spread of relative electneal negativity throughout the heart from 
the region of the smo-auncular node to the \ anous parts of the heart's 
musculature The electneal energy propagated m this manner has 
been the expression of the so-called “exatation wave " 
iluch physiological research has been undertaken m an attempt 
to demonstrate the time relationship between this “exatation wave” 
and the muscular contraction of the heart. In general most of such 
work has been by the method of simultaneous registration of electro- 
cardiographic and myocardiographic records m such a manner that 
they can be compared, and the sequence of events studied and meas- 
ured Similar comparisons have been made between electrocardio- 
grams and mtracardiac pressure curves Myocardiographs have 
been devised by Cushny, Roy, Gesell, IViggers and others, and have 
been used m connection with the strmg galvanometer, for which we 
are mdebted to Professor W Emthoven 
By the extensive researches of Garten and Weber, Wiggers, Lewis, 
Fed and Stroud, Wiggers and Dean, and others, it became generally 
recognized that the ''exatation wave” precedes the muscular contrac- 
tion of the heart by a definite and constant interval Wiggers (1) 

• Dalton Scholar 1924-1925, Massadiusetts General Hospital 
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says comparison of the Po wave with the intra-auncular pressure 
curves indicates that auncular systole begms near the S-A node 
about 0 02 second after the rise of Pj (Garten and Weber, Wiggers), 
i e , on its ascending limb Not until 0 04 second later, however, 
or until the entire P wave has been completed, has the tissue near the 
nght auricular appendage even begun to contract ” Smiilarly “as 
regards the relation of the R wave to the onset of ventricular systole, 
most of the earlier experimental evidence favors the idea that the 
Ra variation is practically completed before mechamcal systole has 
begun ” Wiggers found that “the onset of the (mtraventncular) 
pressure nse is uniformly somewhat later, that is, 0 03 to 0 045 second 
after the imtial nse of the Rj wave It is significant, therefore, that 
the Ri wave precedes by a short though defimte mterval the first 
evidence of mechamcal activity m the ventncle ” So far as the T 
wave was concerned he concluded that “it is qmte evident that the 
end of ventncular systole cannot be defimtely related to any phase of 
the T 2 variations ” 

So firmly had the idea of an electncal wave spreadmg throughout 
the heart m advance of mechamcal response been fixed m the theory 
of cardiac activity that it seemed one of the axioms of physiology 

In October, 1924, Professor Emthoven dehvered at the Har- 
vard Medical School the Dunham Lectures His subject was “The 
Relation of the Mechamcal and Electncal Phenomena of Muscular 
Contraction with Espeaal Reference to Cardiac Musculature ” 
In these lectures he presented evidence to prove that the electncal 
phenomena of both skeletal and cardiac muscle do not precede the 
mechamcal activity but are m every case absolutely comadent, and 
also that m force as well the electncal and mechamcal phenomena are 
uniform He mamtamed that with the apparatus used by previous 
mvestigators it was impossible for myograms recorded by them to 
show either the imtial activity or minimal extent of muscular contrac- 
tion In particular he disagreed with previous findmgs showmg a 
latent penod between the “exatation wave” and the muscular response 
m skeletal and cardiac muscle, he also showed that observations on 
dymg hearts which were said to show electncal activity after cessa- 
tion of mechamcal action were incorrect 

In provmg his view he descnbed an apparatus which he had devised 
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whcrebj photographic records of muscular action could be made by 
means of a fnctionless lc\er and high magmfication Simultaneous 
records obtained with this apparatus and with the strmg galv-anometer 
demonstrated the precise comadence of electncal and muscular ac- 
tiMtv In experiments on artifiaally poisoned hearts he was able 
to show not only that electncal and muscular phenomena begm and 
stop at the same mstant, but that the amphtudes of the curv es m 
hearts that are slowly djnng or undergomg recover}' are perfectly 
comparable m magmtude In other words, dumnution of muscular 
actiMty is accompamed by a correspondmg dumnution m the size 
of the electncal complexes, and mcrease m contractile power, as 
measured m the myocardiogram, is perfectly reflected m an mcreased 
amphtude of the electrocardiographic waves 
The apphcation of this work to human cardiology affords further 
important proof of Emthoven’s thesis This is connected with a 
study of the P wave of the electrocardiogram In the early work m 
electrocardiography it was thought to be improbable that the rela- 
tively long activity of auncular s)^tole could be accurately repre- 
sented by such a momentai}' phenomenon as the P wave of the elec- 
trocardiogram Measurements readily showed that the duration of 
the contraction of auncular muscle was far greater than the tnne 
expressed by the P deflection It would, therefore, seem difficult to 
reconcile the muscular and electncal activities m the case of the aun- 
de — a situation more easily capable of explanation m the ven- 
tncular records because of the existence of the T wave, which may be 
shown to have a relationship with the end of ventncular systole 
Emthoven, however, has brought forward some important obser- 
vations beanng on this subject. He pomted out that H E Henng 
(2) had noted m 1908 that imder certam circumstances it was 
possible to demonstrate that the aunde also had a T wave 
associated with its contraction Hermg found this wave m 
electrocardiograms from a frog's heart. He also observed a similar 
wave m records from a dog’s heart m which the aundes only were 
beatmg, as the ventndes were m fibrillation from the action of curare 
Other workers, Straub (3), Henle (4), and Eiger (5), had previously 
published electrocardiograms from frogs showing such curves, which 
they were unable to explam ISToyons (6) m 1910 had also made 
sunilar observations on the cold-blooded heart. 
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Expenments on frogs’ hearts by Samoljoff (7) in 1908 had revealed 
a wave which he called the B wave, as he attnbuted it to muscular 
activity in the bulbus aortae Henng, in repeatmg these experiments, 
cut away the bulb and found that this wave continued to be recorded 
He therefore concluded that it did not arise in the bulb By produc- 
ing premature ventncular contractions, Henng was able to make this 
wave fall upon the R wave and also to follow the R wave, but again 
observed that its relationship to P and its form were not influenced 
by ventncular activity He therefore came to the conclusion that it 
represented a T wave of the auncle, and suggested nanung it the 
''Ta” wave 

Bakker (9) m 1912 demonstrated an auricular T wave in the eel’s 
heart In the same year Fredencq (8) published an arbde on the 
nature of auncular systole, with electrocardiograms from dogs’ 
hearts, showing that the electncal record from the auncle was essen- 
tially the same as that from the ventncle and consisted m an early 
rapid deflection followed by a curve which was much slower m its 
nse and fall 

Eiger (10) m 1913 added greatly to this study by an article on the 
electrocardiogram m which he showed that not only the ventncle 
and auncle have T waves connected with their activity but also that 
the bulbus aortae and smus venosus have such waves Veen (11) the 
foUowmg year made a further contnbution and suggested a different 
nomenclature for the waves 

Eyster and Meek (12) m 1913 pubhshed electrocardiograms show- 
mg auncular T waves m records from the tortoise heart m which the 
ventncle had ceased to beat as the result of the apphcation of a 
second Stanmus hgature In addition they found such waves m 
electrograms taken from isolated stnps of ventncular muscle They 
also demonstrated auncular T waves m electrocardiograms from dogs’ 
hearts m which there was heart block from morphm, from pressure 
m the region of the aunculo- ventncular node, and from vagus stimu- 
lation ^ 

Rumke (13) m 1916 summarized this literature and agam em- 
phasized the viewpomt that isolated parts of the heart show electro- 

1 J Meakins (Heart, 1913-1914, v, 287 and 288) also published dectrocardio- 
granis from dogs showing ‘^Sa” waves Figs 4, 7 and 8 
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grams in which initial deflections arc follovred by T wa\es, and that 
leads from any two parts of the heart wall record such combmed de- 
flections as the inherent phenomena of muscular contraction 
The presence of an auncular T wave m the human electrocardio- 
gram has been, of course, suspected, but under normal circumstances 
it can not be demonstrated, due to the fact that the Ta wave in such 
cases occurs at the same time as the QRS complex and its relativel}" 
low potential has no appreaablc influence on the form of the \entncu 
lar wa\e Theoreticall} , therefore, it would be possible to demon- 
strate the Ta wa\ c onl}'- where one could isolate the auncular complex 
m its entirety from the ventncular response Such a condition exists 
m heart block and is most favorably shown m complete block m which 
it IS possible to see P wa\es occumng as isolated complexes unin- 
fluenced by the contiguity of QRS groups 

The presence of auncular T waves m cases of heart block has 
long been known and has recently been desenbed by a Japanese 
worker = Emthoven has found m the discovery of the auncular 
T wave another instance of electncal activity parallehng mus- 
cular contraction He has been able to relate it to the 
terminal phase of auncular systole m the same manner that the 
ventncular T wave is related to ventncular activity It is the chmcal 
electrocardiographic demonstration of this Ta wa\e m cases of heart 
block that we wish to note m this observation. 

ELECTROCARDIOGRAPHIC OBSEP.VATIONS 

In the past 10 years m the Cardiac Clinic of the Massachusetts 
General Hospital, 37 cases of complete heart block have come xmder 
observation, and have been studied by electrocardiograms It was 
deaded to review the records of these patients m an attempt to dis- 
cover whether or not any of them showed the presence of Ta waves 
Certam difficulties m the dete rmin ation of these waves were imme- 
diately obvious (1) the records must be technically accurate, free 
from any marked somatic tremor or extraneous deflections, (2) they 
must show sohtary auncular complexes suffiaently isolated as to be 

* Personal communication from Prof Emthoven. Wc have been unable to 
find this reference. Auncular T waves have also been described m the human 
electrocardiogram by Boden and Neukirch ( 18 ) and by Boden ( 19 ) 
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umiiQuenced by any QRS or ventncular T deSections, and, (3) the 
preceding conditions must occur m cases in which the Ta wave is 
not isoelectric, as we must suppose it sometimes is, m analogy with the 
ventncular T wave 

In this senes of 37 cases of complete heart block we were able to 
demonstrate a Ta wave m 18 mstances, and m 7 more a questionable 
Ta wave could be seen In addition it was clearly shown m one case 
of high grade partial block, with a 3 1 ratio of auncular and ventncu- 
lar beats 

Table 1 shows the amplitude of the Ta deflections m general terms 

The Ta wave is of very low potential and m none of these cases 
does the deflection exceed 2 mm m height with normal tension of 
the electrocardiographic stnng (standard of 1 miUimeter excursion 
for each tenth of a millivolt of potential) However, m this senes 


TABLE I 

Amphttldc of Ta waves tn senes of 37 heart block cases 


1 

NoTa 

wave 

dcmonstra 

ble 

Question 

able 

Ta wave 

1 

Slight 

diphasic or , 
inverted | 
Ta wave 

Moderate 
Ta wave ^ 

Marked 

Ta wave 

Number of cases 

12 

7 

6 

8 

i 4 


approximately one-half of the cases show waves following the P 
waves at constant mtervals which must be mterpreted as bemg the 
T deflections of the auncular complexes 

The initial deviation of the Ta wave in these cases was constantly 
negative, i e , m the opposite direction to the P wave, and the whole 
complex seemed typically to be represented as a diphasic P wave m 
which the return to the base Ime was gradual In the most marked 
cases a very short isoelectnc penod separates the P and Ta waves 
Simple measurements, without the use of a comparator, show 
that the Ta wave vanes m length from 0 22 to 0 26 of a second 
The total duration of the auncular complexes from the beginning of 
the P wave to the end of the Ta wave vanes from 0 34 to 0 42 of a 
second Measurements from the electrocardiograms of the cases m 
which the Ta wave was most obvious appear m table 2 

It will be seen from this table that the average total length of the 
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auncular complexes is about equal to three and a half tunes the 
a\erage length of the P Tvavc It is also evident that the average Ta 
'wave differs from the av’cragc T 'wave of the ventnde m deviating from 
the base Ime earher after the end of the P wave than does the T after 
the QRS The isoelectnc penod, therefore, is very short (0 01 to 
0 05 of a second) and often is almost indistmguishable 


TABLE 2 



Len^ of P wave 

Lca;:th of i5odcctnc 
penod between 

P and Ta 

I-cngth of Ta wave | 

j 

Total of 

aoncolar complexes 


xctonis 

xeccnis 

sec<mis 

xuonds 

I 

0 12 

\ 0 04 

0 26 

0 42 

n 

0 OS 


0 23 

0 36 

m 

0 11 

0 02 

0 23 

0 36 

IV 

0 10 

0 01 

0 25 

0 36 

rv^ 

0 10 

0 02 

0 22 

0 34 

V 

0 13 

0 03 

0 22 

0 38 

A\'erage 

0 106 

0 03- 

0 23+ 

0 37 


TABLE 3 

Compartsen of elecirocordtoirams and jryograms taken simuUareously from expenmenU^ 

animals 


Author 

1 

i Expen 
mental 
anrm^l 

Length of 

P wave 

Latent 
penod of 
auncular 
muscle 

Length of 
auncular 
myopam 



stctmds 

seconis 

secendx 

Lcvts, Meakms, and White (14) 

Dog 

0 06 

0 03 

mam 

Lewis (15) 

Dog 

0 CU 

0 015 

llB 

Lewis and White (16) 

Dog 

0 06 

0 03 

119 

Kraus and Nicolai (17) 

Dog 

0 OS 

0 10 

IB 

A\’crage 


0 06 

0 (m 

0 16-h 


In order to establish a relationship between the length of the total 
auncular complex and the muscular activity of the aunde it was 
deaded to study the relative length of the P wave in experimental 
annu a ls compared to the myocardiographic records of the aundes 
If the P-Ta complex were an accurate measure of the muscular 
contraction one roight expect to find that the length of the P wave 
was about one-third of the total length of the auncular myogram added 
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to the latent period of the muscle As the P wave is quite variable in 
length this ratio can only be an approximation Comparative measure- 
ments from electrocardiograms and myograms taken by vanous 
workers appear m table 3 

From these figures it appears that the ratio is roughly what one 
would expect, the P wave m each instance havmg a duration of about 
one third to one quarter of the auncular myogram plus its latent 
penod ’ This is further evidence that the P-Ta complex is an exact 
measure of auncular muscle activity 

The cases of our senes m which the Ta wave is most marked are 
summarized below, and are illustrated by electrocardiograms showmg 
the charactenstic appearance of the Ta wave 

Case 1 D H D Garage Manager Age 53 First seen April 13, 1917, when 
he was admitted to the Massachusetts General Hospital complaining of syncopal 
attacks for 8 months assoaated with a pulse rate of 35 There was a very vague 
history of syphilis and the blood Wassermann was negative Electrocardiogram 
showed complete heart block with ectopic ventricular contractions The ventne- 
ular rate sometimes dropped to 24 A diagnosis of heart block with Stokes- 
Adams attacks, probably arteriosclerotic m ongm, was made He died m 1919 

Case 2 CAP Salesman Age 45 Seen first November 30, 1916, com- 
plaimng of fatigue for 4 months, with attacks of famtness without loss of conscious- 
ness His pulse suddenly dropped to 26 during an attack Electrocardiogram 
showed partial and complete A-V block, m one mstance with eleven auncular beats 
without one ventncular response There was a suspiaous history of syphilis and 
the blood Wassermann was moderately positive A diagnosis of heart block, 
probably of luetic ongm, with Stokes-Adams syndrome, was made He died m 
April, 1917 

Case 3 J E R Shippmg clerk Age 52 SeenfirstFebruary 9, 1922,witha 
complamt of dyspnea on exertion for a few months and sudden attacks of syncope 
His pulse vaned from 20 to 45 and auricular sounds were clearly audible Elec- 
trocardiogram showed high grade partial A-V block, 2 1 and 3 1, and at times 
complete dissoaation A diagnosis of artenosclerotic heart disease with heart 
block and Stokes-Adams attacks was made He died suddenly m November, 1923 

® The ratio of the average length of the P wave to the average length of the 
auncular complex m the human electrocardiogram, m the cases measured, is 1 
3 49 The ratio of the P wave to the auncular myogram, m the case of the ex- 
perimental animals, is 1 3 4 As the senes m both mstances is so small such 
close agreement cannot be considered as necessanly constant 
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Case 4 PS Girl First seen b\ Dr Edvnn H Place in 1907, aged 2-3 > ears, 
ith tonsillar diphthcna There as a rather indefinite stor> of congenital heart 
disease '^vhich was not demonstrable nhen she was first obser\ed On the third 
da\ of her diphthcna her pulse suddcnl> dropped from 120 to 50 She recovered 
from her infection but the slow rate has persisted c\ cr since, never going abo\e 50 
Electrocardiographic slud\ in 1916 and 1919 showed complete A-V block WTien 
she was last seen in the Spring of 1924 she was feeling perfcctl> well There is 
doubt as to the actual causation of this permanent blod b> the diphtheria m 
the absence of other evidence of scnous m> ocardial damage or pcnphcral paralysis 



Lead I 


Leadn 


Lead in 


Fig 1 (Case 1 ) Clearest Ta Wa%'ES in Lead IT, Less Disunctin 
Lead m, Aiaiosr Isoelecteic in Lead I 

Case 5 E D G Student Age 24 First seen Januarv 5, 1924, when he 
was admitted to the Massachusetts General Hospital with a cellulitis of the neck 
and osteom> ebUs of the jaw following the extraction of abscessed teeth He de- 
veloped precordial pam and fnction rub, and it was thought that he had acute 
pen carditis and mediastmitis During the acute penod of his illness his pulse 
suddenly dropped from 8S to 40, and electrocardiograms showed high grade par- 
tial block (3, 4, and 5 to 1 ratio of auncular and ventncular beats) At times 
sounds suggestive of auncular contractions were heard The heart block disap- 
peared m about 5 days and he recovered His heart showed no signs of endo- 
carditis and there was no pencardial effusion A diagnosis of tone or bactenal 
myocarditis with heart block was made 
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Lead II 


Fig 2 (Case 1 ) Well Marked Ta Waves Throughout Lead II High 

P Wa\t:s 



Lead II 


Lead H 


lead in 


Fig 3 (Case 2 Eleven Auricular Waves in Lead n With No Ven- 
tricular Response Ta Waves Well Marked in All Leads 



Lead D 


Fig 4 (Case 3 ) Distinct Ta Waves, Every Third One Being Partly 
Obscured by the Ventricular Complexes 



Fig. 5. (Case 4.) Well Marked Ta Waves, at Times Obscueed'by 
Ventricular Complexes 
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Lead II 


Leadn 


Lcadn 


Fig 6 (Case 4 ) \ ep\ Distinct Ta Waves in Aix Records 



Leadn 


Fig 7 (Case 4 ) Vert Distinct Ta Waves Throughout Lead n 

Note auricular arrythima and the appearance of ivell defined U V* av es Al- 
ternate Ta Waves masked by QRS complexes 



Fig 8 (Case 4 ) Eixctrocardiogram (Lead II) Taken Three Years After 
the Ones Shown in Figures 5, 6, and 7 

The block still persists and the Ta and U Waves are still obvious 
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LeadI 


Leadll 


Leadm 


Pro 9 (Case 5 ) Distinct Ta Waves in Three Records rrom Lead H 



Fig 10 (Case 5) Verv Well Marked Ta Waves in Lead II 

The isoelectnc penod between P and Ta can be made out Note the less dis- 
tinct Ta Waves m Lead HI and the almost flat Ta Waves m Lead I 


HOWARD B SPRAGUE AND PAUL D WHITE 


401 


SUMMAR\ 

1 The gcncralh recognized opinion concerning cardiac mechanism 
Includes the theorj’' of an electncal ‘Va\e of exatation” spreadmg 
throughout the heart b\ way of the conducting system, shghtly m 
ad\’ance of the attendant muscular contraction This theory is 
based on simultaneously recorded mj ocardiographic and electrocar- 
diographic waves 

2 Professor W Emtho\ en has recently demed the existence of this 
latent penod and has desenbed apparatus by which he has been able 
to record electrocardiograms and myocardiograms that show that 
electncal and muscular acti%nty arc precisely comadent Previous 
observations, he asserts, are faulty because of the madequacy of the 
apparatus used 

3 In support of his position Emthoven quotes the discovery of 
Henng and others that the auncular complex of both cold and 
warm-blooded animals has a terminal deflection, or T wave, which 
Henng called the Ta wave 

4 We have been able to find a Ta wave occurring after the P 
wave m electrocardiograms of clinical cases showmg complete or 
high grade partial A-V block. This wave was found m 18 out of 37 
cases of complete block seen at the Massachusetts General Hospital 

5 The duration of the P wave m the human electrocardiogram 
IS about one third of the total duration of the P-Ta complex This 
is consistent with the findings m experimental animals that the P 
wave IS approximately one third to one quarter as long as the auncu- 
lar myogram plus its ‘flatent penod” and supports the view that the 
Ta wave is an accurate expression of the terminal phase of auncular 
muscle activity 
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INTRODLCTION 

The data presented in this paper ^ere obtained Irom se\eral dogs 
following expenmental obstruction of the p\ lorus The experiments 
were undertaken w^ith the purpose of learning the chief factors m the 
causation of the rapid deh\dration which follows p}lonc obstruction 
and of explaming the pre\ention or repair of this change which is 
obtained b\ introduang sodium chlonde and water into the body 
In undertaking to in\ estigate the cause of a reduction of the ^olume 
of bod} water it should at once be admitted that we ha\e as }et only 
a fragmentar} knowledge of the man} parts of the regulator}' mecha- 
nism which under usual circumstances accomplishes the remarkable 
adjustment of mamtaimng, m se\ eral elastic compartments, a closely 
stationar} total \ olume of w ater Certam gross data are, howe\ er, 
at hand which fairl} satisfactonl} ser\ e the purposes of this study 
It has been shown that m the presence of considerable reductions of 
the ^ olume of bod} water the total concentration of dissohed elec- 
trolytes tends to remain stationar} (1, 2 ) It is therefore probably 
permissible to postulate a close dependence of the \ olume of body 
water on the total quantit} of dissoh ed electrol>i:es which the bod} 
contams In this stud} the premise is used that a withdrawal of the 
electrol} tes of the bod} fluids will be accompamed by a proportion- 
ate reduction of the \ olume of bod} water and that this change can 
only be repaired b} replacing both the lost water and the lost 
electrol} tes 

The relatn e structural importance of each of the eIectrol}’tes m 
blood plasma is mdicated b} the diagram m figure 1, which presents 

^ Cooper Tra\elJing Fellov' of McGill Um\ ersitv 
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their avercagc nonnal concentrations in terms of acid-base equiva- 
lence " As may be seen Na constitutes nearly all of the plasma base 
and Cl is the chief factor on the acid side The acid-base balance of 
this structure is preserved by the immediate and automatic adjust- 

CC 01 N 

per 100 cc 0) plasma 



Fig 1 Representing the Structural Factors op Normal Human Blood 
Plas^la. in Terms of Acid-base Equivalence at Ph 7 4 
The factors are superimposed, those of base jh the left hand, and those of acid 
in the nght hand column 

^ In this diagram the plasma salts are represented as completely dissociated 
In order to simplify discussion of the interrelationship of the structural factors in 
the plasma, the presence of relatively very small concentrations of molecules is 
Ignored and the plasma structure is regarded as composed of separately deter- 
mined concentrations of ions 
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ment of (HCO'i) in the presence of a change in any of the other fac- 
tors Owing to this capacitj of (HCO'j) for i arjnng readily the total 
ionic concentration in the plasma, is determined by the concentration 
of the base From these statements it may be deduced that a with- 
drawal of Cr from the plasma will be replaced by an mcrease of 
(HCO'j) and will therefore not cause a reduction of the total concen- 
tration of ions A loss of Xa hoi^eier is not so readilv replacable 
and moreoier also iniohes a loss of its equiialence of HCO'j Loss 
of Cl' thus does not deplete the lomc content of the plasma, whereas 
loss of Na does and doublj’’ This pomt is presented here for the 
reason that a chief purpose of this stud} is to demonstrate that a loss 
of Xa from the body is the essential factor m the rapid dehydration 
which follows obstruction of the p} lorus 

TABLE 1 

Z[easurcrrcntz frcm blood snztrr cxpmrrtrl 1 



Following pylonc closure, (CIO m the plasma is reduced to a greater 
extent than (Na ) If these defects m the ionic structure are cor- 
rectly repaired by the mtroduction of NaCl into the body, more of 
Cl' than of Na must be retamed Data were obtained from urme 
specimens collected dunng a penod of NaCl administration which 
illustrate the adjustments used m defense of (CO m the body flmds m 
the presence of an excess of Na presenting for excretion m urme 


BXPKRXSrENTAI- 
Experiment I 

Protocol ^lale dog Weight 17 J Lilos Under ether anesthesia the stomach 
was severed just above pj lorus and closed b> means of a purse string suture The 
pronmal end of the duodenum was closed m the same wa\ The abdominal wound 
was strongly stitched and protected b> means of a gauze and collodion dressmg 
The dog was permitted to drmk water freeh ^loderate but defimte muscular 
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twitchings were observed beginning about 16 hours after the operation No 
convulsions were seen The animal became very dull and feeble about 40 hours 
after the operation, and 10 hours later was found dead 

In table 1 are given measurements of bicarbonate, cMonde, urea, 
and protein in samples of blood serum obtained before and at mtervals 
foUowmg the operation The measurements illustrate the changes 
which have been found (3, 4, 5) to follow charactenstically expenmen- 
tal closure of the pylorus As may be seen, there occurs a large reduc- 
tion of plasma chlonde, an event readily explained as due to a with- 
drawal of Cl' from the body in consequence of a contmued vomiting 
of gastnc secretions The fall m plasma chlonde it will be noted is 
accompamed by a nse m bicarbonate. Another outstandmg change 
is a rapid and extensive dehydration of the plasma mdicated by a 
progressive mcrease in the concentration of protein A moderate 
impairment of renal function shown by a nse in the urea content of 
the plasma may reasonably be referred to the lack of water intake, 
there being practically no absorption of the water taken into the 
stomach 


TABLE 2 

Measurements of chloride and bicarbonate given m table 1 compared m terms of tenth normal 

soluhoits 



Sample 

Sample 

Sample 

Sample 


No 1 

No 2 

No 3 

1 

No 4 

■j 

BCl, cc 0 1 N per 100 cc ; 

106 

1 

93 

82 

68 

BHCOi, cc 0 1 N per 100 cc 

23 

37 

37 

32 

BCl 4- BHCOj, 0 1 N per 100 cc 

129 

130 

119 

100 


A relationship of the chlonde reduction and bicarbonate mcrease is 
shown by placing in table 2 the measurements of these two values 
expressed m equivalent terms, viz ,as cubic centimeter of tenth normal 
solutions per 100 cc of plasma If the concentration of fixed base m 
the plasma remams stationary a reduction of (Cl') may be expected to 
produce an equivalent extension of (HCO3') That is, base released 
by Cl' will be immediately balanced by HCO'3 denved from the free 
carbomc acid in the plasma and this in turn replenished from the CO2 
production in the body As may be seen in the table, (Cl') + (HCO3 ) 
IS almost the same before and 18 hours after operation However, 29 
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hours and 42 hours after closure of the pylorus (CK) + (HCO^) is 
found to be less then the initial sum of these \alues, indicating that 
extension of (HCO/) is less than the lo^ enng of (Cr) This lack of 
full replacement of Cl' b} HCOj' suggests a loss of fixed base from the 
plasma That this occurs following experimental obstruction of the 
pjlorus has been thoroughly shown bj Hastings, ^lurraj and Mur- 
ra> (6) and m our subsequent experiments 

Experiment II 

Protocol Small male dog \\ eight before operation and after 12 hours of 
fasting 5 71 kilos Abdomen opened under ether anesthesia and p\ lorus dosed b^ 
Ugaturc Wound dosed and protected as in first expenraent Fi\e injections 
of stcnic and warmed 5 per cent glucose solution into the pentoneal ca\it> , each 
of 250 cc., were gi\ cn 16, 27, 40, 51 and 62 hours after operation Blood samples 
were taken from 4 to 7 hours after glucose injections The dog became rapidh 
weak and apathetic dunng the carl> part of the third da\ of the expenment, a few 
hours later began to ha\ e convulsions and from then until death 72 hours after 
operation was almost constantl\ in a state of dome ngidit> W eight after death 
5 20 kilos 

The measurements of plasma \alues obtamed during this expen- 
ment are gi\ en in table 3 Those of protem mdicate marked dehy- 
dration of the plasma, though apparently not so extensive as m axpen- 
ment I Companng the chlonde \alues in tables 3 and 1, the rate of 
reduction is seen to be approximately the same Table 3 also con- 
tains measurements of sodium and these show a progressive loss of 
this structurally most important electrolyte of the plasma In spite 
of 1250 cc of water administered to this animal weighmg only 5710 
grams, there occurred during three days a loss m body weight of 500 
grams These data will serve to illustrate the mefficacy’' of water 
alone to sustam the usual volume of the body fluids m the presence 
of a contmued withdrawal of their chief structural components It 
has been thoroughly shown by Haden and Orr (7) that the survival 
period m dogs, following pylonc or upper mtestinal obstruction, can- 
not be appreaably if at all prolonged by subcutaneous mjections of 
distilled water or of glucose solutions 
An analysis of the relationship of the changes m (QO, (HCOjO 
and (Na ) is given m table 4, the measurements m Table 3 bemg here 
presented as cubic centimeters 0 1 x per 100 cc of plasma The pro- 
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gressive decrease m the values for (Cl') + (HCO3') shows the diminution 
of chloride to be increasingly greater than the accompanying increase 
of bicarbonate It was suggested above ‘(experiment I) that this 
incomplete replacement of loss of (Cl') by increase of (HCO3') is prob- 
ably due to a depletion of plasma base The measurements of (Na ), 
which constitutes more than 90 per cent of the total fixed base in blood 


TABLE 3 

Mcasurentcnts from blood scrum samples, experiment II 


Number 

Taken , 

Cblonde 

Uicarbo 

natc 

Sodium 

Phos- 

phorus 

Trotm 



grams NaCl 
per liter 

tol percent 
CO, 

mg per 
100 cc 

mg per 
100 cc 

per cent 

1 

Before operation 

\ 6 53 

58 9 

1 337 

7 

6 9 

2 

23 hours after operation 



315 


8 6 

^ 1 

45 hours after operation 

I 3 80 

! 73 9 

294 

12 

8 8 

4 * J 

1 

66 hours after operation 

2 40 


281 

14 

8 2 


* Ketone acids, 0 28 gram (as B o'?ybutymc) per liter 


TABLE 4 

Mcasurenienls of chloride, btcarbonale and sodium given in tabled compared in terms of tenth 

normal solutions 



Sample 
No 1 

Sample 
No 2 

Sample 
No 3 

Sample 
No 4 

BCl, cc 0 1 N per 100 cc 


|||B[| 

66 

41 

BHCO 3 , cc 0 1 N per 100 cc 

la 


33 

36 

BCl + BHCO 3 , cc 0 1 N per 100 cc 

139 

114 

99 

77 

Na, cc 0 1 N per 100 cc 


137 

128 

Wm 

BCl + BHCOj, cc 0 1 N per 100 cc 


114 

99 

n 

Na - (BCl + BHCO 3 ), cc 0 1 N per 100 cc 

B 

23 

29 

45 


plasma; show a progressive reduction m its concentration Subtract- 
ing, however, the values for (Cl') -t- (HCO3') from those for (Na ), 
remainders are obtained which are progressively larger (see table 3) 
It IS thus apparent that besides a loss of sodium from the plasma some 
other factor is concerned m preventing the increase of bicarbonate from 
corresponding with the reduction of chlonde 
To illustrate further and explain the finding that bicarbonate 
increase is much less than would be the case were decrease in (Cl ) 
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the onlj factor dctcmnn)ng (HCOj')> measurements gn cn in table 
4 arc presented gnphicalh In means of the diagrams in figure 2 
The left hand column represents the so<lium concentration plus the 
usual a\cragc \aluc for the sum of the other three plasma bases. 



Fig 2 Diagrams Constrccted from MEAsinuEatENTs Grv'E^ is Table 4, 
Illustrating Factors DETERioxiNG the Bicarbonate Concenttration 


potassium, calaum, and magnesium, taken as 12 cc 01k per 100 cc 
of plasma On the nght side of the diagram is given first the (HCO/) 
and then the (CIO measurement The remainder of the base column 
IS balanced (see figure 1), by the relatively small concentrations of 
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HPO4", SO4", organic acids and the base equivalence of the plasma 
proteins These factors, except in the case of HP04^', were not 
measured and their sum is designated R m the diagrams It is at 
once apparent in figure 2 that there occurs a large and progressive 
mcrease of R and that this change exerts quite as large a limitation 
of the increase of (HCOsO which tends to follow recession of (CP) as 
does the loss of sodium The broken lines across the diagrams indi- 
cate the extent to which reduction of base and increase of R respec- 
tively limit (HCO3') It will be clearly apparent from the diagrams 
that an enormous concentration of bicarbonate would result from the 
depletion of (CP) were it not to a large extent prevented by these two 
changes in the acid-base balance of the plasma From the data m 
table 4 it may be computed that, if (CP) (HCOj') had remained in 
the plasma at the imtial value, 139 cc 0 1 n per 100 cc , then (HCO3O 
m sample no 4 would have been 98 mstead of 36 cc 0 1 n per 100 cc , 
or, m the more famxhar form of statement, 203 instead of 81 volumes 
per cent of CO2 Considermg the possibihty for bicarbonate increase 
represented by the very large reduction of chlonde, the actual degree 
of alkalosis usually found foUowmg pyloric obstruction is, owing to 
these opposmg factors, relatively small 
Explanation of this increase in R is not supphed by these data 
The several measurements of phosphorus given in table 3 show that 
(HPO4'0 j one of the factors in R, was double its usual value in sample 
no 4 But this factor is m the first instance so small (see figure 1) 
that this large relative increase explains to only a shght extent the 
total increase of R Increase of the usually even smaller concentra- 
tion of SO4" to an extent appreaably altering R seems improbable 
The usual value for the concentration of orgamc acid radicals en 
route for excretion is not accurately known The single measurement 
of ketone acids obtained from sample no 4 and given in table 4 indi- 
cates that there was no accumulation of these acids and indeed such 
accumulation would scarcely be possible following the admimstration 
of glucose solution The most probable explanation of a considerable 
part of the increase of R is an increase of the base equivalence of the 
plasma proteins due both to the absolute increase in their concentra- 
tion and to a shift presumably, in consequence of the bicarbonate 
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increase of ihc reaction of the plasma in tlic direction of alkalinit> * ** 
The extension of R is ho\\c\ cr so large that it docs not seem probable 
that it can be cntircK referred to an increase of base balanced b\ 
protein There n? thus suggc^tcd an increased concentration of organic 
acids 



Fig 3 SHOl^’I^G Rxlationship to Bicarbonate Concenttration or Large 
Changes in Plasma Factors Fount) in a Case of Se\t:re Gastric 

Tetann 

* The extent of the increase in plasma alkaliniU following expenmental p>lonc 
obstruction in dogs is, according to the pH measurements published b> Hastings, 

Murra> and AIurra> (6), surprisingly small, e\en in the presence of a \en large 
increase of bicarbonate 
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To illustrate further the perhaps obvious point that the alkalosis 
which may follow obstruction of the pylorus is a consequence of the 
loss of Ch from the plasma and to show again that extension of 
(HCOaO from this cause is limited by loss of plasma base and by 
increase in some factor, or factors, contained m R, the diagrams m 
figure 3 were plotted {a), from average values obtaimng in normal 
human plasma and (6), from values found in a sample of blood serum 
taken from a young man presenting severe symptoms of tetany fol- 
lowmg nearly complete pylonc obstruction caused by gastric ulcer ^ 
Here the increase in bicarbonate followmg the huge loss of chloride is 
much greater than was found in the experiments cited above, but 
is nevertheless considerably limited by loss of Na and increase in R 
Were aU of the chloride loss replaced by bicarbonate the latter would 
be considerably greater (213 volumes per cent of CO 2 ) than the very 
large value (130 volumes per cent of CO 2 ) which was actually found 

Experiment III 

Protocol Female dog Weight 10 20 kilos \bdomen opened under ether 
anesthesia and pylorus closed by tying with heavy silk Operation wound then 
closed and protected as in preceding experiments Beginmng 24 hours after opera- 
tion, four injections of sterile and warm 0 9 per cent sodium chlonde solution, 
each of 400 cc , were given into, the peritoneal cavity, the first three at 6-hour 
intervals and the last one after a 12-hour interval, 1 e , 1600 cc of the sodium 
chlonde solution were given during the first 48 hours following operation Begin- 
ning 96 hours (4 days) after the operation, three injections of sterile and warm 0 82 
per cent ammonium chloride solution, each of 400 cc , were given into the peritoneal 
cavity at 6-hour intervals The dog was permitted to dnnk distilled water to 
such extent as desired Throughout the expenment it was kept in a metabolism 
cage and the large amounts of water containmg gastnc secretions w'hich were 
vomited were collected over successive 24-hour periods The stomach was not 
emptied by tube at the end of each of these periods so that the collections per 24 
hours were only approximate Urine was obtained by catheter during the first 
5 days of the expenment at approximately 12-hour intervals It is believed that 
the collection of urine over this period was complete The dog during the 24-hour 
period of sodium chlonde injections and for 2 days thereafter w as bright and lively 
and apparently cntirelx comfortable, then gradually became dull and weak The 
injections of ammonium chlonde solution produced no arrest of the increasing 

■“The data used in constructing this diagram has been published b> one of us 
(Ross) in a paper discussing the pathogenesis of gastric tetany (8) 
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apath% and fccb'lcncs^; Tvschc hours after the list injection and 61 da\s after 
the operation the animal was killed with ether 

This expenment v.as undertaken wth the purpose of testing the 
probability that the lowcnng of plasma base follomng pj lone obstruc- 
tion IS due to a loss of base as ^^cU as of chlonde m the \omitus and 
also to demonstrate that introduction into the body, of NaCl solution, 
because it supplies both of the depleted ions vrill tend to restore the 
\olumc of body fluids, whereas administration of wratcr containing a 
salt, XH 4 CI, which proandes onl> chlonde, will not check dehjdration 
The much greater structural significance of (Xa ) than of (CIO has 
been discussed abo\c The unne speamens were collected for the 
purpose of obtaimng data indicating the ability of the body to sepa- 


TABLE 5 

^feasurcjrcrts from roTriius, cxpcrirrent III 


24 tour periods 

Water 

drunk 

\ onilus 

1 

L " 

N. 1 

K 1 

Prolofl 


cc. 

cc 



CC 01 \ ' 

cc 0 J \ 

Crans 

1 

j 2,100 

1,970 

4 5 


289 

0 

0 

2* 

1,500 

■ESI 

2 1 


212 

0 


3 



1 5 


233 

44 

2 4 

4 


660 

2 4 

660 

360 

39 

3 6 

5 


1,250 

7 9 

1 

916 

565 

82 

11 4 

Totals 

5,300 

5,S80 


3,276 

1,659 ‘ 

165 



* 1600 cc, 0 9 per cent XaCl solution (= 24S0 cc 0 1 n) injected into thepentoneal 
ca\at> dunng this penod 


rately and correctly retam (Na ) and (Q') in the body flmds from the 
administered NaCl 

In table 5 are given data obtained from five consecutive 24:-hour 
collections of the vonntus which the animal provided after drinking 
the copious amounts of water The collections dunng the remaining 
one and one-half days of the experiment were contaminated with unne 
and for this reason were not analyzed That there occurs a very 
considerable amount of Na as well as of Q' m the vomited stomach 
secretions may be seen at once m the table In all except one of the 
speamens Na was foimd to an extent of somewhat more than half the 
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equivalence of the Cl' loss ® During the fifth day of the experiment 
the dog began to grow dull and feeble after having been until then 
bnght and hvely The total of Cl' lost from the body m stomach 
secretions during the first four days of the experiment was, accordmg 
to the measurements m table 5, 2300 cc 0 1 n which is approximately 
the amount (2480 cc 0 1 n) mtroduced mto the body durmg the 
second day The estimations of fixed base excretion in the unne 
given in Table 7 make evident a large removal of Na by way of the 
kidney immediately foUowmg the mjections of NaCl solution in addi- 


TABLE 6 

Measurements fr07n blood sennn samples, experiment 111 


Time of taking sample 

Bicarbo 

ntxte 

Chloride 

Sodium 

Calaum 

Phos- 

phorus 

Protein 

Bodr 

weight 

Before operation 

vol percent 
CO, 

47 0 

grams NaCl 
per liter 

\ 5 99 

Mg per 
100 cc 

Mg per 
iOO cc 

11 0 

mg per 
100 cc 

5 8 

per cent 

7 0 

kilos 

10 20 

1 day after operation 

61 6 

4 90 


11 5 

5 6 

9 3 

9 97 

2 da 3 rs after operation* 

69 0 

i 5 30 

324 

10 0 

4 0 

6 7 

10 SO 

3 days after operation 

70 0 

5 67 

310 

9 8 

5,8 

6 4 

10 18 

4 days after operation 

73 6 

5 27 

305 


4 8 

6 8 

9 76 

5 da>"s after operation 

81 0 

4 29 

280 

10 3 


7 9 

9 12 

6 days after operation t 

44 3 

4 70 

294 

10 4 

11 0 

8 9 

8 94 

days after operation 

i 56 0 

4 33 

274 

11 9 


9 6 

8 74 


* Taken 6 hours after completion of administration of 1600 cc 0 9 NaCl solution 
t Taken 6 hours after completion of admimstration of 1200 cc 0 82 per cent NH 4 CI 
solution 


tion to the steady loss m the vomitus The onset of symptoms dunng 
the fifth day, roughly mdicate that by then the benefit of the NaCl 
solution mjected durmg the second day was dissipated by subsequent 
loss of the replaced elements The fifth day specimen was large, con- 

® That IS, the measurement of HP04'^ is stated m terms of the base equivalence 
indicated by the BH 2 PO 4 B 2 HPO 4 ratio as determmed by the pH of the speamen 
The base equivalence of the orgamc acid excretion was estimated by sub- 
tracting a calculated V 2 due for free orgamc acids This was obtamed by sub- 
tractmg from a measurement of the titratable acidity of the specimen (to pH 7 4) 
the amount of BH 2 PO 4 m the speamen m excess of that which would obtain at 
pH 7 4, the data used here being the total HPO 4 " excretion and the phosphate 
ratio corresponding to the pH of the specimen 

The other acid radicals, Cl' and SO/' carry, of course, their full equivalence of 
base into the unne 
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tamed a much increased amount of Na and of Cl' and cunouslj, 
instead of being strongK acid as v,crc the preceding, was markedly 
alkaline (pH 7 9) An apprcaablc amount of K v,as found in this 
speamen but the total of (Na ) + (K ) was far short of the (Cl') meas- 
urement This speamen w as moreo\ er stnkingU different in appear- 
ance from the preceding ones, being straw colored instead of present- 
mg a faint whitish opalescence It was also found to contam a large 
amount of protein (114 grams ) and to this constituent may probably 
be referred the obliteration of HCl aadity 
The extent to which isotonic solutions of NaCI and of NH4CI 
respecti\ elj tend to support a normal composition of the blood plasma 
IS mdicatcd by the measurements of plasma \alues gi\en m table 6 
The attempts at measurement of (Na ) in the first two specimens were 
unfortunatel> failures It is probable, however, that some degree of 
depletion of (Na ) had occurred dunng the 24 hours following opera- 
tion At any rate, following the injections of sodium chlonde solution 
dunng the second day of the experiment, plasma (Na ) was found to 
be 324 mg per 100 cc which is approximately its normal \alue and 
with which may be compared the measurement of 294 mg found at 
the same mter\al after operation in experiment 11 The value of 
the mjections of NaCl solution m restonng the water content of the 
body IS well shown b> the measurements of plasma protem and also 
by those of body weight Benefit from the injections was strikingly 
apparent m the behavior of the animal For two days following 
them, it was as bnght and hvely as a normal animal Rehef of 
thirst during these two days was indicated by the relatively small 
amount of water drunk 

Dunng the fifth day there occurred a large reduction of plasma (Na ) 
and (CIO and a large mcrease m protem As has been mentioned, the 
animal began to grow weak and dull A marked mcrease m thirst 
was also evident The mjections of NH4CI solution were given dunng 
the next 24 hours These entirely failed to arrest the mcreasmg feeble- 
ness and apathy of the animal As may be seen m table 6, the changes 
destroying the normal composition of the plasma contmued In 
spite of the 1200 cc of water given, dehydration of the plasma as 
mdicated by the protem measurement, maeased This large amount 
of water was e hm m ated so rapidly that, dunng the 24 hours that it 
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was given, there occurred an actual loss of body weight Following 
the first injection of NH4CI solution, urination became so frequent that 
separate collection of unne (by catheter) and vonutus was abandoned 
In the last sample of serum obtained, owing to the mcrease m protein 
and (CF) and the fall in (Na ), (HCOsO was greatly reduced 
Measurements of calcium and phosphorus were made in most of 
the serum samples Except for a relatively large mcrease in phos- 
phorus m the sample obtained followmg admimstration of NH4CI, 
the values foimd for these factors were nearly stationary 
It IS evident from these data that, although NH^Cl may be expected 
to restore the loss of (CF) the other disastrous alterations of 


I TABLE 7 

Measurements of ac:d and base factors tn iinne, experiment III 


12 hour 
specimens 

Vol 

lime 

pH 

Add excretion in terms of base 
bound in unne 

NH4 

Fixed 

base 

Creati 

nine 

Organic 

aads 

HPO/' 

SOi'' 

Cl' 

HCO'3 

Total 

■mill 



cc OIN 

cc 0 IN 

cc 0 IN 



ccO IN 

ccO IN 

ccOlN 

ms 


58 

6 6 

68 

120 

94 

■1 


329 

78 

251 

190 


46 

5 7 

65 

74 

29 

■1 


173 

82 

91 

170 


75 

6 3 

69 

99 

56 

10 

2 

236 

' 116 

120 

180 

No 4* 

; 240 

7 9 

97 

170 

32 

10 

352 


10 

651 

130 

No 5 

68 

7 5 

79 

143 

33 

10 

91 

356 

55 

301 

190 

No 6 

70 

6 6 

48 

57 

48 

3 

4 


33 

127 

140 

No 7 

46 

6 4 

31 

60 

83 

2 

2 

178 

82 

96 

160 


* These two speomens were collected dunng penod of adrmnistration of 1600 cc 0 9 
per cent NaCl solution 


plasma structure will continue and may in fact be aggravated by 
the diuretic action of this salt It must be admitted that the ammal 
was m a condition of much more senous disrepair when the effect of 
NBUCl was tested than when NaCl was given The character of the 
data obtamed, however, clearly mdicates the unsuitableness of NHjCl 
as a reparative agent It may also be mentioned that the mtroduc- 
tion of NH4CI solution mto the pentoneal cavity was evidently irn- 
tatmg to a degree which should we beheve, from the point of view of 
practical therapeutics, entirely forbid the giving of this salt by clysis 
There remains for brief discussion the data from consecutive 12-hour 
collections of unne covenng the penod of administration of NaCl 
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solution J hc:rC nrc presented m tnbic 7 for the purpose of shouin^ 
the rcmo\ "il oi the c\cc^s of Xa o\ cr Cl' presenting for excretion in the 
unne o\Mng to the larger deficit of (Cl') than ot (Xa ) uithm the bod% 
The u^ua\ situation, an excels of acid o\cr fixed ba^^c claiming excre- 
tion which IS met chitfl\ ])\ a regulated production of ammonia is 
here rc\cr'-cd The chief purpose of ihc^c data is to illustrate the 
fact Uiat when fixed ba^^e claims excretion in the unne in cxcc:jS ot the 
sum of the acid radicals requiring rcmo\a! the bod\ possesses m 
carbonic acid a substance which is abundantl\ and adjustabh a\ail- 
ablc in defense ol other acid components of the bod> fiuuls Gamble 
(9) ha^ shown that owing to a ^^tationarx concentration of HiCOa in 
the unne the amount of ba^c w hich can enter a^ bicarbonate a func- 
tion ot the pH at which unne produced \t the Usual pH of unne 
It cannot contain an appreciable amount of bicarbonate a fact v hich 
cxcelleutK suit^ the usual need for an cconomx of base m the process 
of acid excretion VdjUbtmcnt of unne pH in the direction of alkahn- 
itx produces a rapid increase in the amount of bicarbonate entenng 
the unne These circumstance^ permit the use of carbonic acid as a 
means of conservang other acid comnonents ot the bod\ fluids m a 
manner quite analogous to the defence ot hxed base which the regulated 
a\ailabilit\ of ammonia pro\ades The acid as well as the base side 
of the lomc structure of the bod\ fluids is thus protected by the pres- 
ence of a factor m the construction of unne w hich is wideh adjustable 
The measurements of the acid factors in the unne are gi\en (table 
7 ) m terms ot base bound at the reaction of the unne specimen ^ The 
amount of fixed base in the unne is taken as the difference between the 
sum ot the acid factors and the ammonia measurement The col- 
lections as regards 12-hour intervals were not sharp Their character 
in this respect is indicated b\ the creatimne measurements As max 
be seen m the table, Cl' is, except m the first specimen, penmtted to 
enter the unne to only a x erj slight extent Following the injections 
of X'aCl solution there occurs a large but bnef nse m the excretion of 
fixed base This nse is seen to be chiefly balanced by an mcrease in 
HCOj' The data are presented graphically m figure 4, and by wax" 
of further illustration the aad-base composition of the specimen (no 
4) containing most of the excess of base remox ed is represented by the 
diagram A in figure 5 Diagram B m this figure shows the compo- 
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sltlon^^^hlch miglit lia\c been expected m this specimen had it been 
produced at the a\ crage usual reaction of unne pH 6 0 \t this pH 
onh a negligible amount of base can be earned into the urine as 



Fig 5 ILLUSTIL\TI^G THE EXTENT OF CONSEE\ATlON OF Cl' ObtAIXED B\ 
Prodlction of SpECncEN Xo 4 (Table 7) at pH 7 86 Instead of 
at the Uslal Reaction of Urint:, pH 6 0 

BHCOs owing to the stationar^^ xailue for the con^^entration of HsCOain 
unne Furthermore, the base equualence of the orgamc aads 
and that of HPO 4 " is considerably less than at pH 7 86 The dia- 
grams wiU ser\ e to show clearl} the magnitude of the changes m these 
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factors referable to pH and the consequent large saving of Ch accom- 
phshed by the production of this specimen at pH 7 86 instead of at 
the usual reaction of urine 

The secretion of an extremely alkaline unne following admimstra- 
tion of this neutral salt clearly demonstrates the separate metabolism 
of its component ions 

DISCUSSION 

It will be noted that we have used in this study the point of view 
that the failure of physiological processes and death following expen- 
mental obstruction of the pylorus may be reasonably regarded as refer- 
able to the continued reduction of the volume of the body fluids in 
consequence of a progressive demolition of their sustaimng structure 
caused by the loss of Cl' and more significantly of Na in vomited 
stomach secretions The beneficial effect from introducing Na and 
Cl' into the body along with water is therefore regarded as being due 
smiply to repair of this structure permitting recovery of a normal 
volume of body water The data from these few experiments accords 
satisfactorily with this view 

In 1912, Hartwell and Hoguet (10) showed that following duodenal 
obstruction a dog could be kept alive for several weeks by replacing 
the loss of body water with physiological salt solution They beheved 
that the effect of the salt solution consisted simply m preventing dehy- 
dration MacCallum and his co-workers demonstrated that follow- 
ing pylonc obstruction in dogs, the fall m plasma (Cl') and the increase 
in (HCO 3 ') with the accompanymg symptoms of gastric tetany could 
be prevented by injections of isotomc NaCl solution 

Recently Haden and Orr (5, 11) have pubhshed extensive studies 
of plasma changes following expenmental pylonc and upper intestinal 
obstruction Their measurements show the large fall in chloride 
accompanied by more or less nse m bicarbonate and an increas- 
mg accumulation of the products of protein metabolism They have 
tested the therapeutic efficacy of adrmmstration by clysis of a great 
number of salts KCl, NH 4 CI, CaCU, MgCh, KI, NaBr, NaoSO^, 

MgS 04 , NaH.POj, and Na 2 HP 04 , and have found all of these to be of 

no benefit and, as is not surpnsing, often harmful (12) They have 
quite thoroughly demonstrated, however, that injection of NaCl solu- 
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tion tends to restore normal plasma \alucs and greatly prolong the 
hfe 01 the animal (7) The loss of Xa as t;\c11 as of Cl', ^hich we 
ha\e sho^n, would apparent!)’' completely explain thcumquc acUon 
of NaCl as consisting simply in the fact that it is the only one of this 
long list of salts contaimng both of the ions spcafically rcqmrcd for 
plasma repair A much more elaborate explanation has been put for- 
wrard b} these authors In interpreting the findings from their many 
expenments, they use the conception, domed from the work of 
WTupple, that the sjTnptoms and death following obstruction are due 
to absorption of a toxic body The accumulation of urea and of non- 
protein mtrogen m the plasma is not referred to renal disability fol- 
lowing dehydration, but to rapid destruction of protoplasm caused 
by the poisonous agenL The lowering of (Cl') in the plasma they 
state can only in part be explained by’' loss in vomited secretions since 
It IS foimd when \omiting is slight and also m rabbits, an animal 
which cannot \omit They infer that Cl' leaves the plasma in quest 
of the toxic body The benefit of the administered NaQ is there- 
fore described as protective rather than reparative (13) 

Obviously the few data given m this paper do not justify our con- 
testing the views which Hadcn and Orr have developed from their 
extensive studies However, they^ at least indicate, we behexe, 
that the physical explanation (dehydration) of the events following 
pylonc or upper intestmal obstruction and of the benefiaal effect of 
NaQ solution should be thoroughly tested as regards its suJB&aency 
before accepting the additional and not easily credible hypothesis 
which these authors have devised 

sroniARY 

Following obstruction of the pylorus, there occurs m the vomited 
stomach secretions a loss of Na as well as of Cl' from the body The 
sum of the concentrations of the aad radicals m the body fluids being 
determined, owmg to adjustabflity of (HCOaO, by the fixed base con- 
centration, a loss of Cl' does not deplete the total lomc concentration 
whereas loss of Na does and also removes an eqiuvalence of HCO3' 
Reduction of the lomc content of the body flmds by withdrawal of 
Na is the significant factor in the rapid dehydration foUowmg pylonc 
obstruction Dehydration cannot be repaired by the mtroduction 
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of water alone (glucose solution) or of water and the chlonde ion 
(NH4CI solution) The efficacy of NaCl solution m sustaining the 
usual volume of body fluids is due to replacement of the loss of Na ^ 

The increase of (HCO3O in the plasma, which tends to occur fol- 
lowing pylonc obstruction, is an automatic consequence of the deple- 
tion of (Cl') The degree of alkalosis is, however, usually greatly 
lessened by reduction of plasma base due to loss of Na , by extension 
of the base equivalence of plasma protem caused both by an mcrease 
m concentration of protem and of plasma alkalmity, and, possibly, 
by an mcrease in the concentration of orgamc acids 

Following admmistration of NaCl solution, the surplus of Na 
over Cl' presenting for excretion, owmg to the greater depletion of 
the latter, is conveyed into the urme as bicarbonate 

CHEMICAL METHODS 

Blood serum Using a Luer synnge, samples were taken from the jugular vein 
and then delivered through small bore glass tubing under oil mto a centrifuge tube 
Chlorides were determined by a modification of the Van Slyke procedure essen- 
tially as described by Myers and Short (14) Bicarbonate was measured by the 
method of Van Slyke (15) and keione acids by the method of Van Slyke and Fitz 
(16) The methods of ELramer and Tisdall were used in determimng sodium and 
calcium (17, 18) Phosphate was measured by the method of Howland, Haessler, 
and Marriott (19), and urea by a micro modification of the urease method Pro- 
tein was calculated from a determmation of plasma refractivity according to 
Robertson (20) 

Vormtus Sodium and potassium were determined in ashed samples by the 
methods of TisdaU and ELramer (21) and chlonde as in blood serum Protein 
was calculated from a Kjeldahl measurement of mtrogen and pH was detennined 
colonmetncally 

Unne The specimens were obtained by catheter and were collected imder oil 
Bicarbonate was calculated from measurements of total CO 2 and of pH according 
to Gamble (8) Phosphates (inorgamc) were determined by the uranium acetate 
method Sulphates (morgamc) were weighed as banum sulphate according to the 
method of Fohn (22) Chlorides were determined as in blood serum The 
orgamc aad excretion was measured by the method of \ an Sl 3 '’ke and Palmer 
(23) pH was deterromed colonmetncally under oil, usmg the comparator 
method of compensatmg for the color of the specimen The measurements were 
made at room temperature 

^ Although It IS here argued that loss of CP is not significant as regards the 
causation of dehydration, its replacement along with Na is obviously necessary 
in order to prevent alkalosis 
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THE RESISTANCE OF BniATURE ERYTHROCYTES 

TO HE\T* 

B\ KAVK\EL ISUCSt, BEVJVMIX BROCK akd GEORGE R MDsOT 

(Frrn tJ c ycdtcjl Scr-ce of the CcUis P H in. r^cr ^[cr^crtal Hospitcl of Ucr'Jrd 

Ur ^crsits) 

(Rcccucd for publication, December 26, 1924) 

IKTRODUCnOV 

Knowledge concerning the differences betv.een mature cells and 
those m the process of de\elopmcnt adds to the understanding of the 
vital problem of growth The red blood corpuscles offer excellent 
matenal for the study of adult and immature forms, because of the 
recogmtion of four successue stages m their development. These 
include the nucleated red cells, the reticulated forms, the granule red 
cells (cells desenbed by Isaacs, with smgle, refractile, non-staimng 
granules) and finally the mature erythrocj^tes Heat as a “cj^to- 
clastic” agent does not appear to have been utilized, heretofore, for 
the purpose of studying different kmds of erj throc>"tes 

The destructi^ e and alterativ e action of heat on ery throev^tes was 
desenbed some sixty > ears ago by Klebs, Rollett, Beale and Schultze 
Smee then there appear but few papers on this subject, among them 
are those quoted by Krehl and ^^larchand No quantitative data, 
howev er, have been found, nor any observations on the behavnor to 
heat of erjihrocytes m different diseases The present study was 
undertaken to discover whether the red cells in vanous diseases 
reacted differently towards heat, and to learn if there was any quanti- 
tative relationship between the ages of red cells and their resistance 
to heat 

* This paper is Xo 40 of a senes of studies m metabolism from the Harvard 
Medical School and allied hospitals The expenses of this in\ estigation ha\ e been 
defraj ed in part b> a grant from the Proctor Fund of the Har\ ard hledical School, 
for the Stud> of Chrome Disease, and m part b} the Edward Hickling Bradford 
Fellowship 

t Bradford Fellowship 
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METHODS AND MATERIAL 

The following procedures were utihzed in studying the effect of 
heat on the red blood corpuscles of patients and normal persons 

Blood from an arm vem was mixed with sufficient crystalline 
sodium Qtrate to mahe a 0 2 per cent solution Blood films, supra- 
vitally stamed with bnUiant cresyl blue and counterstamed with 
Wnght’s stam were made on cover glasses Such preparations were 
used to study the condition of the blood before and after it had been 
subjected to heat One cubic centimeter of blood was heated in 
small test tubes, suspended m a water bath at a temperature rangmg 
from 55° to 58°C Whenever a pathological blood was tested, blood 
from a healthy person, as a control, was treated at the same tune m 
an identical manner Every care was taken to prevent further 
alteration of the blood by such physical means as mixmg, shakmg or 
foam formation 

Capillary glass tubes, washed free of aUcah were used m other 
experiments and blood was taken directly into them from a skin 
puncture, and, as it ran from the wound, was mixed with a few crystals 
of sodium citrate Then the tubes were sealed and heated m a water 
bath There was no appreciable difference m the results obtained 
from these two methods 

In addition to blood from five healthy mdividuals, used as controls 
with each heatmg, blood from 31 patients (28 with anemia and 3 of 
erythremia with polycythemia) were studied All 31 of the patients 
showed a percentage of immature red cells above normal The 28 
patients with anemia mcluded 8 cases of chrome myelogenous and 
3 of chrome lymphatic leukemia, 6 of Hodgkm’s disease, o of perm- 
cious anemia m relapse, 2 of chrome thrombopemc purpura, 4 of 
famihal (one splenectormzed) and 1 of acqmred, chrome hemolytic 
jaundice and 1 of hemolytic anemia of pregnancy 

EFFECT OF HEATING NORMAL WHOLE BLOOD 

The red cells in normal blood subjected to heat up to 50 C for 30 
mmutes show httle or no visible change At 65°C and higher they 
are destroyed almost completely Normal blood when heated to 
55°C for 30 mmutes, shows a marked alteration m the shape an 
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appearance of the red cells (fig 1) Sc\cnty to 80 per cent of the 
cells ate broken up, or appear as mere shadows, or present unusual 



Fig 1 REPRESEXTATa'i: Field or a Co\*ergl\ss FiLii or Xokmal Blood 
Which Premolslv Had Been Heated to 55®C roE 30 
Mikutes 


A. granule red cell and a reticulated red cell (basophilic) are shown Fragmen 
tation IS marked, and but feu of the ceils are intact The stroma of the hemohzed 
red corpuscles is not shown in the draiving It is visible in the stained prepara- 
tions and the ^^shadows*' fill the spaces between the intact celb This figure and 
figure 2 represent microscope fields in which the total number of intact cells plus 
shadows ’ is approxiinateh equal 

Camera lucida drawing (table lev el) Leitz ocular 8, oil immersion objectiv e 2 
mm 

and bizarre forms Sphencal bodies resembling microcytes are a 
feature, and smaller irregular fragments and filaments of cells are 
numerous JIany larger cells^ less affected, are deformed and elon- 
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gated A few cells are apparently little altered; but practically aU 
lose their normal stainmg characteristics The cells stam uniformly, 
and homogenously, and perhaps are somewhat more basophilic than 
normal The reticulum of the reticulocytes, as Key observed, does 
not stam so well as in unheated specimens The microcyte formation 
IS present before films are made and is not produced by trauma 
The cells which broke up m greatest numbers were the mature cells, 
lackmg the structures (reticulum, granules) that characterize young 
cells while the immature cells remained intact Table 1 shows the 
effect of heating a sample of normal blood Among the intact cells 
the percentage of immature ones is stnkmgly mcreased The absolute 
number of young cells before and after heating was approximately 
the same (within experimental error) so that it is not hkely that 
heatmg produced forms resembhng the different types of immature 


TABLE 1 

Ejects of healing spccmen of itonnal blood to 55®C for thirty minutes 
(Numbers represent the percentage of mtact red cells) 



Before 

Alter 


heatiflg 

heating 

Reticulated and basophilic red cells 

1 4 

15 1 

Granule cells 

1 8 

26 3 

Total recognizable young red cells 

3 2 

41 4 


cells Similar results were obtamed repeatedly, though the actual 
number of intact cells vaned In blood remaming overmght at 
4°C or at 37°C aU red cells, especially reticulocytes, became more 
resistant to heat than fresh corpuscles These observations lead to 
the conclusion that normal tinmature red blood corpuscles are more 
jestslant io heat than adnlt corpuscles 

EEEECT OF HEATING PATHOLOGICAL BLOODS 

The observation that immature red cells, including blasts, are 
more resistant to heat than adult red cells was brought out much 
more strikmgly in studymg the 31 pathological bloods contaimng an 
increased (often high) percentage of reticulocytes Scrutmy of 
many preparations showed that reticulated microcytes, macrocytes 
and normocytes resisted the action of the heat in the same manner 
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Heit appeared to break up reticulated mcgalocjtcs in two eases of 
pcmiaous ancnin Vctual measurements of cells indicated that red 
cells shnnk dunng heating, but this contraction alone does not seem to 
account for the disappearance of the c\tremcl\ large corpuscles Thus 
the actual size of the cell, unless a mcgaloc} te, pla) s no role in its resist- 
ance to heat The only dijfcrcuccs produced by heating the blood from 
the patients with the various diseases 'acre quantitative {proportional to 
the degree of and no specific qualitative differential criteria 

were noted In some bloods containing a high percentage of recogmz- 
able immature red cells, there remained, after heating, a relativ elylarge 
number, compared to normal, of cells not contaimng nuclei, reticulum 
or granules This was particularh true of the blood from cases of 
chrome hemoh tic jaundice 

The blood from four untreated cases of chrome hemoh tic jaundice 
showed a greatl> mcreased fragiliU to h}"potomc salt solution of the 
red blood corpuscles and a distinct increase of the reticuloc>^tes, both 
of which features are charactenstic of this condition Owmg to the 
decreased osmotic resistance of the red cells one might suppose that 
their destruebon b\ heat would occur more readily than normal 
Such is not, however, the case In chrome hemoh be jaundice the 
response of the red cells to heat confirms the vaew that the immature 
cells are more resistant than the mature cells to this physical agent 
The data recorded m table 2, illustrate the effect of heat on the red 
cells of this condibon as contrasted with the normal As the table 
shows, the bulk of the red cells resist destruebon The number of 
mtact cells per microscope field (oil immersion) m the control (A) 
blood film after heatmg w as, on the a\ erage, for 50 fields, 9 9, while 
m comparable films of the hemolybe jaimdice blood (A), the average 
number of mtact cells was 238 (fig 2) In spite of the differences m 
figures for such data as shown m table 2 obtamed by carefuUy observ- 
mg and coimbng both mtact and broken cells for controls and cases, 
the resistance to heat of the bulk of the red cells m chrome hemol^’tic 
jaundice is disbnct enough perhaps to aid m diagnosis 

Red cells from the blood of normal persons and of pabents with 
chrome hemolybe jaundice were mixed with 0 7 and 0 85 per cent 
sodium chlonde solubon and studied before and after heatmg Here 
another factor than heat influences the results The red ceUs of a 
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particular patient’s blood were not hemolyzed before heating by 0 7 
per cent sodium chlonde solution, but were hemolyzed in small 
numbers by 0 6 per cent salt solution Normal cells were similarly 
affected by 0 42 per cent salt solution After heating, this patient’s 
cells mixed with 0 7 per cent sodium chlonde solution practically all 



Fig 2 Representativ e Fieed of a Coverglass Firm of Blood after Heating 
TO SS^C for 30 AIinutes, from a Patient rtth Chronic 
Hemolatic Jaundice 

Three granule red cells and two reticulated red cells (basophilic) arc shown 
Comoared to normal (fig 1) the number of intact cells is greatly increased and 
fewer fragments are evident Drawm like figure 1 

were hemolyzed, when 0 85 per cent was used fewer cells were hemo- 
lized This indicates that cells already fragile to hypotonic salt 
solution tend to be destroyed by the combined effect of the solution 
and heat The combined effect of 0 7 per cent salt solution and heat 
on normal cells resulted in the destruction of more cells, than when 
heat was allowed to act upon them in their own plasma or in 0 85 
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per cent salt solution, but the eficct upon normal cells vas not nearly 
so marked as the effect upon the patient’s red cells treated m the 
same manner 

It IS well recognized that uith the increased red cell destruction, 
and constant renen al of these corpuscles in the arculation in chrome 
hemol3Uc jaundice, the blood is filled mth larjang, but increased 
numbers of recognizable >oung cells The life of the mature red ceU 


T VBLE 2 

Coirpunsmi cj speezrrem cj nonral hhod hloo^i from l^o cuscs of chroric J^rro^yiic 
^cnrdia, shcrjnng the cfcct of I eai 



(control) 1 

1 

ChrozLC 

betrolvnc 

Red blood cell count (millions per cubic miUimcler) | 

(•^) 

(B) 

4 8 

5 1 

(^) 

(B) 

2 50 

3 98 

'Tmgility'' lo bj'potonic salt solution 





Hemolj-sis began (per cent) | 

(^) 

(B) 

0 40' 
0 42 

1 

(A) 

(B) 

0 54 
0 00 

Hcmoh’sis complete (per cent) | 

(A) 

(B) 

o o 

(A) 

(B) 

0 36 
0 36 

Per cent of red cells sbo\nng basophilia, reticulaUon or gran- f 

(A) 

3 0 

(A) 

21 0 

ulcs h^oTC hcoiing in plasma \ 

(B) 

3 3 

(B) 

17 0 

Per cent of intact red cells showing basophilia, reticulation or f 

(A) 38 5 

(A) 

39 1 

granules after heating m plasma \ 

(B) 60 0 

(B) 

56 8 

Per cent of intact red cells (after heating) of ongmal total f 

(A) 10 0 

(A) 

60 0 

(estimated) \ 

(B) 10 0 

CB) 

50 0 

Average number of intact red cells per oil immersion field after j 

lA) 

9 9 

(A) 

238 0 

heatmg m plasma. \ 

j (B) 14 6 

(B) 

60 0 


m this disease is probably shorter than normal, because of the in- 
creased destruction of corpuscles There thus should appear m the 
blood in this condition, a relatively larger number of young mature 
corpuscles, and comparatively few old ones, the latter presumably 
being the cells first removed by hemolysis As young red cells are 
more resistant to heat than mature cells, those adult cells which re- 
semble the immature ones m their heat resisting ability, may well 
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be the youngest of the mature cells These are the cells which are 
so much more plentiful m the blood of chrome hemolytic jaundice 
than normal and which may occur in the blood of other pathologic 
conditions though never in such profusion Differences m the char- 
acter and rate of blood destruction and maturation and dehvery of 
red cells can account for varying numbers of heat resistant adult 
erythrocytes in the circulation 

SUMMARY 

1 The red blood corpuscles of normal human blood, when heated 
to 55°C for one-half hour, undergo a profound and charactenstic 
modification, with the production of fragmented forms, ''shadows,'' 
microcytes, poikilocytes and a umform distnbution of the hemoglobin 
throughout the cell 

2 Immature erythrocytes — reticulocytes, polychromatophihc cells 
and granule red cells — of both normal and pathological blood are 
broken up less readily when heated to 55°C then mature erythrocytes 
The reticulated megalocytes are apparently an exception 

3 The difference between the effect of heat on the red cells of 
normal and pathological blood is not quahtative, it is quantitative, 
proportional to the number of immature cells 

4 There are two kmds of red cells which show no histological 
evidences of immaturity, and are classed as mature corpuscles One 
kind resists the action of heatmg to SS^C while the other is broken 
up and altered The former represents a majority of the red blood 
corpuscles m chrome hemolytic jaundice They are probably the 
younger of the mature cells 
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THE PLASMA PROTEEsS IX RELATION TO BLOOD 
HYDRATION 

I Ix Normal Ixr»r\'iDU/VLS axd ix ^Iiscellaxeous Coxditioxs 

Br JOHX P PETERS, iVXXA. J EISEVJLVX akd H-VROLD A. BULGER 

{From Tie Dcparirrcrt of Intcrral Mcdtare of 1 ale Urr'rsjiy ard the Zfediccl Ser^jce of 
tie Kc:? Ila^ HospitaJ, Xrj: Z7<rcn, Conredurtt) 

^Received for publication, Fcbruai> 14, 1925) 

I^■TRODUcr^o^' 

During the last two > ears an extensive investigation has been made 
of the water and electrol} te changes occurring in the blood in nephntis 
and diabetes and m other diseases which presented analogous phe- 
nomena As part of this study the oxygen-capaaty, cell v olume and 
plasma proteins hav e been determined simultaneously m an attempt 
to gam some insight mto the causes of the vanations m the pro tern 
content of the serum and their relation to the h> dration of the blood 
and the tissues 

Most of the determinations of blood proteins reported m the htera- 
tuxe have been earned out on serum In the present studies plasma 
has been employed almost exclusively At first sight one would 
expect the values obtamed from plasma to be somewhat higher than 
those from serum, because fibrmogen has been remov^ed from the 
latter That this is not actually the case has been shown by Gettler 
and Baker (5) They foimd that the total mtrogen of serum was 
somewhat greater than that of plasma The apparent paradox may 
be explamed by the fact, demonstrated by Gram and Norgaard (6) 
and others, that the addition of anticoagulant amounts of oxalate to 
blood causes a shrinking of the cells 
Eisenman and Peters (4) hav’-e shown that this effect is demonstrable 
and amounts to a change of about 2 volumes per cent of cell v^olume, 
ev en if only 0 2 per cent of neutral potassium oxalate is used In an 
attempt to v enf}’’ the actual v’’alue of the change they compared ceU 
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volume and plasma protem values The results of these experiments 
appear in table 1 


METHODS AND r;ESULTS 

Cell volumes were detennmed m dupbcate with a Taland hematocnt of the 
type manufactured by the Internabonal Instrument Company for their centri- 
fuges With this instrument duphcates usually check withm one volume per cent 
In order that the effect of fibrmogen might be elimmated and that only the eSect 


TABLE 1 




1 


Relative change of 
scrum volume 


Case 

jimnber 

Oxygen 

capaaty 

Cell ; 
volume 

1 

Scrum 

proteins 

From 
oxygen 
capaatv 
and cell 
volume 

From 

serum 

proteins 

Treatment of scrum 


ro/j 

per cent 

rcls 

per cent 

per cent 




f 

20 27 

48 41 

7 24* 

1 00 

1 00 

Without oxalate 

29123 j 


43 58 

6 92* 

1 08 

1 05 ! 

With 0 2 per cent potassium 
j oxalate 

f 

19 76 

45 55 

6 67 

i 1 00 

1 1 00 

j Without oxalate 

29397 ^ 

19 76 

43 55 

6 28* 

1 04 

1 06 

With 0 2 per cent potassium 
oxalate 

( 

10 05 

23 95 

i 6 83 

1 00 

> 

1 00 

Without oxalate 

18433 < 

10 10 



1 05 

1 06 

With 0 2 per cent potassium 
oxalate 


* Nomprotem nitrogen was not determined on these samples, but the values for total 
nitrogen, m terms of per cent protein, were reduced by 0 19, corresponding to a blood 
non-protem nitrogen of 30 mg per 100 cc , or were assumed to be identical with those of 
the specunens without oxalate 

of oxalate might be active a specimen of blood was first defibnnated To one por- 
tion of the blood neutral potassium oxalate was added Both samples were 
brought mto equihbnum with 40 mm of CO 2 m air at 3S^C A portion of each 
was then used for the determination of oxygen capacity and cell volume, from 
another portion the plasma was removed for analysis All procedures were ear- 
ned out by the technique previously described (9), to prevent exposure to air 
In this way variations m cell volume which might have resulted from differences of 
CO 2 tension were avoided The total mtrogen of each sample of plasma was 
detemnined in dupheate by a macro-Kjeldahl method, using i cc of plasma In 
some instances no correction was made for the non-protem nitrogen of the plasma. 
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Instead a blood non protein nitrogen \'aluc of 30 rrg per 100 cc nas assumed and 
tbc total nitrogen of the scrum is reduced accordingK This course vras pursued 
throughout this vrork in the intcrci^ts of cconom\ \\Ticnc\cr there nas an\ 
reason to suspect a change in the non-protein nitrogen the latter v^as separately 
determined The error introduced b> the omission of this procedure probabU 
nc\ cr e^cceeds 0 1 p>cr cent 

It IS endent that m c\ cn case the addition of oxalate to the blood 
results in a contraction of the cells and a reduction of the serum protein 
concentration The change in \ olumc of the serum calculated from 
the scrum protein \alucs is of the same order of magmtude as that 
calculated from cell \ olumes and hemoglobin This is quite in keeping 
with the theor\ that the cell membrane is impervaous to proteins 


TABLE 2 


Sabjcct 

COi tcE-bi 

CcB \*o^aEie 

Plasma cies 

1 

P dative plasma 
volume from 
cdl volume 

Rebtnc plasma 
\o^unicfrom 
plasma protems 

■H| 

p*m 

zoh cent 

1 ftr cent 




30 

41 4 

6 59* 

1 00 

1 00 

60 

41 5 

6 65^ 

0 993 

0 991 


30 

52 0 

9 16* 

1 00 



52 2 

9 17* 

0 996 

0 999 


* Non protein nitrogen "wns not detennined on these samples, but the values for total 
nitrogen, m terms of per cent protein, vrerc reduced b> 0 19, corresponding to a blood non- 
protein mtrogen of 30 mg per 100 ca 


The average diminution of the proteins, 0 37 per cent, is equal to or 
possibly a httle greater than the average normal concentration of 
fibrmogen m the plasma 

As changes m COi-tension are known to cause alterations m the 
volume of the cells one would expect correspondmg alterations m the 
plasma proteins The difference m both ceU volume and plasma 
proteins produced by yarjong the COA-tension between 30 and 60 
nun is shown m table 2 At least m this experiment it is neghgible 
If we assume that there is no mterchange of protein across the cell 
membrane m vitro the variations of protem produced can be calculated 
from the change m ceU volume alone, for which considerable data are 
available In 34 experiments the a\ erage ceU volume at 30 mm of 
CO 2 was 40 5 volumes per cent, at 60 mm it was 41 2 volumes per 


rcE JounXAL or CLmcii. iircxsnoi.'-xo'- 701 - 1 so 5 
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cent The plasma volume therefore varied from 59 5 volumes per 
cent at 30 mm to 58 8 volumes per cent at 60 mm This would 
produce a difference of about 1 per cent m the concentration of the 
protemSj which would be greater at a higher tension Variations in 
oxygen wdl, also, of c'ourse, affect the cell volume and therefore the 
concentration of plasma protems The quantitative effect of oxygena- 
tion and reduction has not been investigated by us, but the work of 
Warburg (14) and of Van Slyke, Wu and McLean (13) indicate that 
it IS relatively small In general it may be said that the changes m 
CO 2 and O 2 tension usually encountered m the blood have a demon- 
strable but inconsiderable effect on the cell volume and on the plasma 
proteins 


TABLE 3 


Subject 

Oxygen 

capaaty 

Cell 

volume 

Plasma 

proteins 

Relative plasma 
volume calculated 


From 
oxygen 
capaaty and 
cell volume 

From 
plasma 
protons 1 

Rcmttrlcs 

J p 1 { 


voU per cent 

42 7 

51 2 



m 

Without stasis 
With stasis 

D 

18 42 

22 72 

41 5 

52 1 

6 62* 

9 17* 



Without stasis 

With stasis 


* Non-protem nitrogen was not determined on these samples, but the values for total 
nitrogen, m terms of per cent protem, were reduced by 0 19, corresponding to a blood non- 
protem nitrogen of 30 mg per 100 cc 


In 1915-16 Rowe (10) demonstrated the fact that the production of 
venous stasis in a hmb increased the plasma protems m the venous 
blood of the part In his experiments the serum albumm increased 
more than the globuhn This led him to believe that the change could 
not be due only to a transfer of water from the blood to the tissues 
That such a transfer does occur has been suggested by Dautrebande, 
Davies and Meakms (3) and by one of us (8) 

In the two experiments presented below (table 3) venous stasis was produced in 
the arm of a normal individual by means of a tourniquet which was applied with 
suffiaent pressure to obstruct the venous return wuthout completelj obliterating 
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thcarlcnal pulse Blood was withdrawn from the arm \cin immcdiatcl> before 
the tourniquet was applied and again after the tourniquet had been in place for 
about fi\e minutes 

In these and other s milar expenments a considerable increase in 
hemoglobin cell aolumc and plasma proteins occurred If it is as- 
sumed that these changes were due only to mspissation of the blood, 
the amount of water lost to tlic tissues ma> be calculated From the 
hemoglobin and hematocrit aalues it appears that the blood has lost 
considerable water predominant!} at the expense of the plasma If 
the change of plasma \olumc be calculated from the dififerences in 
plasma protein figures of the same order of magnitude arc obtamed 
It seems hardh reasonable to doubt that the chief mechanism respon- 
sible for these alterations in proteins and blood cells is loss of fluid to 
the tissues and that this fluid cames wTth it httle or none of the pro- 
teins To be sure the plasma \ olume changes calculated from hemo- 
globm and cell ^ olume do not in either case agree exactly with those 
dem ed from the pro tern \ alues ^ In these two expenments the latter 
method indicates less change, which suggests that a part of the pro tern 
has escaped from the \essels In other similar expenments discrep- 
anaes of the opposite sign have been found It is, of course, possible 
that an exchange of proteins may occur m either direction, but it is 
just as reasonable to suppose that the stasis has tended to filter out a 
certam proportion of the blood cells m the capiUanes 

The agreement between the hemoglobm-hematocnt and the plasma 
protem calculations is so close that one is almost forced to disregard the 
shght vanations m albumin globulin ratio found by Rowe (10) and 
to beheve that the mcreases of plasma protein resultmg from venous 
stasis are due to a concentration of the blood which affects predom- 
mantly the plasma and that even under the drastic conditions of 
these expenments the vessels remam practically impermeable to the 
proteins 

Rowe (12) found that the serum protem concentration was mcreased 
by exercise and Barr and Himwich (2) have noted a similar nse of 
hemoglobm In some expenments of which one is submitted m table 

^ The faflure to correct for non-protein nitrogen is recognized as a source of some 
error, but is probabb neghgible 
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4 the changes observed have been neither as considerable nor as con- 
stant as those reported by Rowe and by Barr and Himwich Their 
experiments differed from ours in one respect especially They with- 
drew the blood immediately after the cessation of general exerase In 
the experiment here presented blood was taken from the veins of the 
exerased part dunng the course of the exercise 

Both arms and forearms were thoroughly warmed, before the experiment, hy 
immersion m hot water The right hand was then exercised by the alternate 
extension and flexion of the wnst and hand with a weight of about ten pounds sus- 
pended from the tips of the fingers When the exerase had been continued to 
the point of painful exhaustion blood was simultaneously withdrawn from the 
veins of both arms without stasis 

Table 5 shows the results of over- ventilation earned to the pomt 
where tetany developed 

Both hands and forearms of the subject were warmed thoroughly immersion 
m hot water Venous blood was then withdrawn from the arm vem Immedi- 
ately after the blood had been obtamed the subject began breathing as hard as 
possible Defimte carpo-pedal spasm and other evidences of tetany developed 
m about five nunutes When these symptoms had become quite marked a second 
sample of blood was taken from the same arm vem Over-ventilation was con- 
tmued until the blood had been removed 

Although changes occur in hemoglobin, cell volume and plasma 
protems there is nothmg chaiactenstic in them It would, in all 
probabihty, be possible to multiply examples of conditions assoaated 
with alterations in blood water ad infimtum 

Dautrebande, Davies and Meakins (3) have demonstrated the fact 
that cold, stasis and certain diseased conditions, notably cardiac 
decompensation, cause the blood to give up an excessive amount of 
fimd to the tissues So rapid are these changes that they may result 
in the production of appreaable differences m hemoglobm, ceU volume 
and plasma protems between arterial and venous blood One of us 
(8) has already presented data confirmmg this work and showing that 
under other circumstances the blood may gam water from the tissues 

Whether these changes in plasma protein are expressions of altera- 
tion in blood hydration or not, their beanng on the determination of 
plasma protein values is the same If plasma proteins are to be 
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TARLC A 






Rehlivc nlKmi 
\olunc calculated 


Subject 

Oiyjrtn 

caruaij 

Cell 

%'OluttC 

proteins 

From 
cxjfTtn 
capaaty 
ard cell 
\*oIumc 

Fro-n 

pla.tra 

j^omns 

Remarks 


reh 

fcf cent 

18 30 

rch 

(cr cent 

38 1 

fer cent 

6 60* 

1 00 

1 00 

Venous blood from un- 

J p 1 . 

18 74 

41 4 

6 67* 

0 93 

0 99 

c,Tcrcised arm 

Venous blood from cx- 

J P 2 < 

IS 21 

18 73 

42 6 

43 9 


1 00 

0 95 

1 


crased arm 

\cnous blood from tm- 
exercised arm 

Venous blood from ex- 
ercised arm 


• Non protein nitrogen was not determined on these samples, but the values for total 
mtrogen, m terms of per cent protein, were reduced b> 0 19, corresponding to a blood non- 
protem mtrogen of 30 mg per 100 cc 


TABLE 5 



1 



Relative plasma 
\*olame cnimhted 


Subject 

OxjTcn 

capaaiy 

CcD 

Tolomc 

1 

Plasma 
^ protGna 

1 From 
oi>*sen 
capaaty 
and cell 
^■ohlIne 

From 

plasma 

proteins 

Remarks 


xcU 

Percent 

roll 

per cent 





J P 1 < 

19 11 

42 1 

6 55* 

1 00 

1 00 

Venous blood before 
o\ er\ entilation 

18 78 

1 

41 2 

6 67* 

1 03 

1 00 

Venous blood duimg 
o\ er\ entilation 

J P 2 < 

18 86 

43 9 

6 76* 

1 00 

1 00 

Venous blood before 
o\er\ entilation 

19 87 

43 9 


0 95 

0 93 

Venous blood durmg 
o\er\ entilation 


* Non-protein mtrogen was not deteimmed on these samples, but the ^’alues for total 
mtrogen m terms of per cent protein, were reduced by 0 19,correspondmg to a blood non- 
protem mtrogen of 30 mg per 100 cc 
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NORMAL PLASMA PROTEINS 


interpreted wtli any degree of accuracy determinations must be made 
under standard conditions with precautions to avoid stasis, cold, 
exerase and any other unusual circumstances Artenal plasma is 
preferable to venous plasma in most cases 
The values for the plasma proteins of the venous blood of five 
normal individuals, members of the hospital and laboratory staff, m 
table 6, agree uuth those pubhshed by other observers and are quite 
vanable Unfortunately the blood from the first four subjects and the 
first four specimens from the last subject were talcen with no speaal 


tabu: 6 


Subject 

Date 

Plftsma protein 



fer cttf( 

H A B 


7 25* 



7 98* 

K B 


7 92* 

n J S 


7 61* 

hi S 


6 52* 

J P P 

No\ ember 28, 1922 

6 70* 


January 22, 1925 

6 72* 


March 20, 1923 

6 94* 


March 11, 1924 

6 71* 


March 18, 1924 

6 43* 


March 27, 1924 

6 42* 


Apnl 3, 1924 

6 41* 


April 10, 1924 

6 46* 


Apnl 16, 1924 

6 57* 


* Non-protein nitrogen was not determined on these samples, but the values for total 
nitrogen, m terms of per cent protem, were reduced by 0 19, correspondmg to a blood non- 
pro tern mtrogen of 30 mg per 100 cc 


precautions and much of the vanation may be due to this fact The 
five last speamens from J P were all taken without stasis at approxi- 
mately the same time of day, after a preliminary rest period and after 
the arm and hand had been warmed by immersion m hot water The 
constancy of the proteins m these expenments is quite striking m 
contrast to the previous ones In some of these expenments the 
plasma proteins were determined after the blood had been brought 
into equilibrium at 38°C with 40 mm of COj in air In the others 
the blood was centrifuged and the plasma removed with precautions 
to prevent all contact with the air There is no systematic difference 
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between the two sets of figures, confirming the prcMous statement 
that the changes of gas tension m the blood encountered imder or- 
dinal^ circumstances ha\ c no significant effect on the plasma proteins 

Such normal figures arc hardly comparable to those obtained from 
patients in the ward, restneted in their actmties and diet and pre- 
senting too often a ^a^ct> of functional disturbances that may affect 
the water content and the plasma proteins of the blood Before 
attacking the problems of diabetes, nephntis and edema, therefore, 
it seemed ad\’i5ablc to study patients with miscellaneous pathological 
conditions Some of these were selected as control matenal because 
there seemed no reason to expect an} disturbance of the plasma pro- 
teins, others because it seemed qmte possible m the light of previous 
reports or certain dimcal phenomena that the protems might be 
abnormal 

The technique folIo^\ed was similar to that described abo\c In some cases 
\ enous blood was used, in others artenal Sometimes the blood was brought into 
equilibnum with 40 mm of CO 2 m air at 38°C , sometimes it was withdrawn and 
analyzed with precautions against contact with air The nature of the blood 
(whether venous or artenal) and its treatment are indicated in the last column of 
each table. 4r/ and Veil stand for artenal and venous blood respective!} , cap 
means that the blood was saturated with 40 mm of COi while co«/ means that the 
blood was anal} zed as drawn, without exposure to the air 

The patients m the first part of table 7 were suffenng from nervous 
conditions that presumably would not affect the plasma proteins 
The range of vanation does not differ appreoabl} from that of the 
normals shown m the preceding table 

In the second part of the table appear four patients with arteno- 
sclerosis and hypertension without evidences of functional disturb- 
ances of heart or kidney With one exception these patients showed 
normal plasma protems No 22158, at the time of the first observa- 
tion had very high proteins m his plasma At this tune, three days 
after his admission to the hospital, he was m coma, difficult to feed, 
and his flmd mtake was small Five days later, with some improve- 
ment, the plasma proteins, hemoglobm and hematocrit had fallen 
together Calculations of the relative plasma volumes made on the 
basis of the hemoglobm and hematoent figures show that the blood 
plasma had been diluted 11 per cent Similar calculations based on 



TABLE 7 


Case number 

Oxygen : 

Cell ' 

Plasma 

Character | 



capaaty j 

volume j 

proteins* j 

and treatment I 
I of Wood 

Remarks 


Section 1 



vols 

vols 


1 


1201(5 

per cent 

per uni 

per cent 



22 4 

47 0 

1 71 

Ven Cap 

Neurasthenia Wassennann 

29189 

20 9 

45 1 

6 94* 

Ven Cap 

test positive 

Syphilis of central nervous 

15004 

10875 

20 2 

43 4 

7 94* 

Ven cap j 

system 

Psychoneurosis 

20 6 

; 43 7 

7 69* 

Ven cap 

Neurasthenia Wassennann 

10859 

26871 

26451 

18 2 

39 9 

7 17* 

Ven cap 

test positive 

Hystena 

17 3 

21 1 

38 9 

48 0 

6 73* 

7 52* 

Ven cap 

Ven cap 

Ghoma of left panetal lobe 
Cataract Chrome frontal 

1 


1 



smusitis 


Section 2 


26362 

16 4 

36 5 

7 31 

Art cont 

Arteriosclerosis, hypertension, old 

22158 

22 1 

48 3 

8 60 

Ven cap 

hemiplegia 

Artenosclerosis, hypertension, 


1 

20 7 




cerebral hemorrhage, hemi- 
plegia and coma 

6657 

18081 

46 1 

7 81 

Ven cap 

5 days later 

18 5 

41 1 

7 61 

Ven cap 

Hypertension, obesity 

29 3 

39 1 

6 54 

Art cont 

Artenosclerosis, hypertension 


Section 3 


10702 

18 7 

40 8 

7 00* 

Ven cap 

1 Methyl alcohol poisoning In con- 
vulsions Has received large 
amounts of sodium bicarbonate 

29658 

20 6 

46 4 

7 97 

Ven cont 

Obstructed ventral hernia In- 
testmal obstruction 

9420 

21 6 

44 7 

7 81* 

Ven cap 

Acute cohtis Moderately 
severe 

10495 

17 9 : 

35 5 

6 70* 

Ven cap 

Acute alcohohe gastntis 

26690 

1 10 9 

24 4 

5 52 

Art cont 

Artenosclerosis with hyperten- 
sion Carcinoma of the as- 
cending colon with intestinal 
obstruction 

22798 

15 90 

34 6 

4 89 

Art cont 

Extensive bums of trunk Has 
been given enormous amounts 
of water and salt solution b> 
every means until generalized 
subcutaneous edema devel- 
oped 
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TABLE --Corlmjf} 


Ca*t cto’kt I 

Orvptn 
j canaaiy | 

Cell 1 
1 \t)lume ] 

1 1 

1 riisTa 
j p-olcins 1 

Character 
and trcatmc'tt 
of blood 

Remarts 

Section 3 — Continued 

1 

26515 1 

ftr emt 

17 0 

1 

Tcis 

frr cr*tt 

54 7 

i 

ftreent \ 

6 30 

1 

\ cn conL 

1 

Totic %onuting of pregnancy 
Cellulitis — no edema — fluid m- 
takc b> parenteral routes large 


Section 4 


1S725 

20 1 

43 3 

j 

8 63 

1 

1 Yen cap 

1 

Hemorrhagic pacch>Tnenmgitis 
Bronchopneumonia, Patient 
stuporous and ha\'mg frequent 
convulsions on the da> of the 
eiainmation 

33564 

15 3 

; 36 0 

7 03 

j Yen conL 

1 Chorea major Patient in coma 

15712 

21 2 

43 6 

7 66 

Yen cap 

1 Carbon mononde poisoning In- 
1 fiuenza. Patient m coma 

15703 

20 1 

42 1 

6 62 

\''en cap 

I Lobar pneumonia. Fourth day 

10744 

16 2 

40 9 

6 77 

Yen cap 

Acute tracheitis, broncho-pneu- 
moma, fibrous pencarditis, one 
da> before death 

26343 

15 9 ' 

38 2 ' 

7 01 

Yen cap 

Acute mediastmitis 


Section 5 


5196 

18 4 

39 9 

6 73 

Yen cap 

[ Aisphenanune poisoning vutb 

1 central necrosis of the liver 

1536 

10 4 

24 9 

7 53* 

1 Yen. cap 

1 

1 Se\en year old boy with anemia, 
and uneiplamed jaundice 

5238 

34777 

21 4 

50 1 

1 

7 40 

5 52 

1 

1 

1 

Yen cap 

Yen cont. 

Atrophic orrhosis of li\ er Mod- 
erate asates Hypertension 
Female, aged 53, nth obstruction: 
of the common bile duct and an. 
ascending bile duct infectiom. 
Extremely tone. Blood non- 
protem mtrogen 80 mg. in lOO 
cc. Intense jaundice 


* Non-protein nitrogen was not determined on these samples, but the values for total 
mtrogen, m terms of per cent protein, were reduced by 0 19, correspondmg to a blood non« 
protem mtrogen of 30 mg per 100 cc. 
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NORMAL PLASMA PROTEINS 


plasma protein values show a 10 per cent dilution The high protein 
of the first observation was apparently merely a product of blood con- 
centration, possibly due to his low fluid intake, and was not directly 
referable to the diseased condition Hypertension and arterio- 
sclerosis m themselves seem to have no specific effect on the plasma 
proteins 

In the third portion of the table is a group of miscellaneous cases 
Nos 10702, 9420, 10495 and 26515 were chosen for study in the hope 
that they would show dehydration from loss or deprivation of fluids 
All of them had, however, received adequate flmds before the tune of 
the examination No 29658, an old woman with an obstructed ven- 
tral herma who had been vomiting contmuously for more than 24 
hours, does show some elevation of the plasma protems with a high 
normal hemoglobin Unfortunately no other observation was made 
on this patient 

No 26690 had a carcmoma of the ascendmg colon which had become 
obstructed shortly before admission At the time of the blood exatm- 
nation the mtestinal obstruction had been overcome, vomitmg had 
ceased and large amounts of flmd had been given the patient He had, 
however, had a profuse hemorrhage from the bowel and appeared 
exhausted and toxic How far the hemorrhage may be held respon- 
sible for the low proteins and how much dilution of the blood had been 
caused by the forcmg of fluids it is impossible to say 

No 22798, a rmddle aged man who had received extensive bums of 
the face, trunk and extrermties was not examined until a few days 
before death For four days before the blood study his fluid mtake by 
moutli and by hypodermoclysis had been from 4500 to 9000 cc At 
the time of the exammation he had a moderate generalized edema 
and a hqmd diarrhea His hemoglobm, which had been determined 
daily by the Cohen and Smith method, had fallen from 140 per cent 
(Haldane scale) to 45 per cent Although no other observations of 
the proteins were made it seems more than likely that the low value 
found in this case was largely due to dilution of the blood It should 
be added that none of the patients of this senes had blood non-protem 
mtrogens above 50 mg per 100 cc of blood 

In the fifth section of table 7 appear four observations on subjects 
with diseased conditions of the liver, all but one of which have normal 
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plasma proteins Atchlej , Locb, Benedict and Palmer (1) noted a 
reduction of scrum protein in three patients ^ith cirrhosis of the liver 
and asates That such a reduction is not characteristic of this con- 
dition IS CMdent from case no 523S In one case vith low proteins, 
no 34777, the reduction maj i\ell ha\e been referable to the general 
state of intoxication and shock, and not to the li\er injurj' 

Ro\Ye (11) and others ha\ e found that in acute infectious conditions 
there is an increase of the globulin of the serum, assoaated mth a 


TABLE 8 


CXetratiibcT 

Oiypcn 
czp-a J 

Cen 

\oli.ine 

Ph mi 
P'Otoa 

Character 
and trcattnenl 
of b’oyi 

Remarts 

1SS59 

toh 

ftreerJ 

3 57 

roh 

Prr cent 

11 0 

fer cent 

6 97* 

\cn cap 

Adenom>'Oina of uterus Second- 

8169 

2 65 

5 4 

5 89* 

\cn cap 

ar> anemia 

Pcmiaous anemia Slight gen- 


2 89 

6 1 

6 57* 

\en cap 

cralized, subcutaneous edema 
Same patient, 9 months later 

9734 

4 23 

12 8 

7 49* 

\^en cap 

Edema is agam present 
Secondar> anemia Cause tm- 

22272 

4 90 

18 6 

3 68 

Ven conL 

detenmned 

Adv'anced pulmonary tubercu- 

22114 

3 71 

9 4 

5 52* 

\cn cap 

losis General anasarca 
Adenoma of utenne cervai 

33106 

3 61 


5 42* 

\cn conU 

Slight edema of ankles 
Pemiaous anemia. General an- 

10210 

10 4 

23 0 

6 95* 

\’'cn cap 

asarca 

Permaous anemia 

22780 

28 7 

65 4 

7 23* 

\en cap 

Pol> cythemia 


27 6 

61 0 

6 34 

Ven conL 

Same patient, 2 weeks later 


• Non protein nitrogen was not determined on these samples, but the values for total 
nitrogen, m terms of per cent protem, were reduced by 0 19, correspondmg to a blood 
non-protem mtrogen of 30 mg. per 100 cc. 


reduction of the albumin, vath the result that the total proteins are 
normal or shghtly reduced In the fourth section of table 7 are shown 
a few cases with severe infections Nothing can, of course, be said 
about the relation of globulm to albumin m these plasmas, but the 
total protem, at any rate, shows no tendency to reduction In many 
of these cases the diminution may have been masked by a concentra- 
tion of the, blood caused by madequate fluid mtake, but the hemo- 
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globin values give no indication of such a concentration In no 
10744 such an explanation is certainly unsatisfactory because the 
patient v as almost anunc and had received large amounts of fluid by 
mouth and subcutaneously The increase of fibrinogen which is such 
a constant finding in pneumonia and other mfectious conditions would 
of course tend to make tlie plasma proteins relatively higher than the 
serum proteins 

Low serum proteins have been reported in severe anemias by Kahn 
and Barsky (7) and others In eight obser^’^ations on seven patients 
shown in table 8 low proteins were found in the plasma five tunes It 
is interesting that in four of these five instances the patients presented 
subcutaneous edema The association of edema and low proteins 
appears, however, to be merely coincidental because one of the same 
patients, no 8169, on a second occasion had normal protems m the 
presence of edema The low proteins, furthermore, do not seem to 
depend on the presence, seventy or type of anerma In one case of 
polycythemia the plasma protems were normal 

SUMMARY 

1 Determmation of the protems in normal oxalated plasma gives 
values appreciably lower than those obtamed from the analysis of 
serum, m spite of the fact that the latter lacks fibrmogen This is due 
to the shr inkin g of the blood cells produced by oxalate 

2 The changes in carbon dioxide and oxygen tension of the blood 
encountered imder ordinary conditions cause demonstrable but in- 
considerable changes m the plasma proteins 

3 The production of venous stasis results m an increase of the 
protems m the venous plasma of the aflfected part which is due to a 
transfer of watei from the blood to the tissues 

4 Exercise may cause concentration of the venous plasma that is 
reflected m an mcrease of the plasma protems 

5 Under certain conditions the exchange of water between the blood 
and the tissues m the capillaries may be so greatly accelerated that the 
concentration of proteins m arterial and m venous plasma may differ 
to a significant degree 

6 The degree of vanation of the plasma protems m a group of five 
normal mdividuals taken under vanous conditions was considerable 
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and agreed WTth the reports of other observers The degree of vana- 
tion observ ed in a single individual ov cr a penod of tvro years vras 
verv" shght The same individual, observed under standardized 
conditions over a shorter penod presented even smaller \anat 10 n 5 in 
the proteins of his v enous plasma Sev en patients vnth neurologic or 
psv copathic disorders which prcsumablj would not affect the plasma 
proteins showed values similar to those found in the normal group 

7 Artcnosclerosis and h>*pertension in thcmselv^es appear to hav e no 
effect on the plasma proteins One patient with cerebral hemorrhage, 
m coma, had high protems m his plasma As his condition improved 
proteins, hemoglobm and cell v olume fell simultaneously The high 
cell V olume and proteins ere evidently due to a concentration of the 
blood, possibly caused by an inadequate fluid mtake 

8 The administration of cxcessiv e fluids to a patient Vith sev ere 
bums resulted m the production of hydremia with a consequent re- 
duction of the plasma proteins Edema also developed 

9 In a senes of fiv e cases with sev ere acute infections the plasma 
proteins were normal or shghtly elev ated 

10 The effects of factors v hich ma> alter the water content of the 
blood must not be neglected in the mterpretation of v^alues of the 
proteins of the plasma 

1 1 Normal plasma protems were encountered m three patients vnth 
diseases of the hv'er, m one instance m the presence of asates 

12 Although low plasma proteins appeared four tunes in seven 
observations on patients with profound anemia, there seemed to be no 
relation between the reduction of the proteins and the presence, 
seventy or t 3 rpe of anemia Edema, which so commonly occurs in 
these cases, is not necessarily assoaated with a diminution of the 
plasma proteins 
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globin values give no indication of such a concentration In no 
10/44 such an explanation is certainly unsatisfactory because the 
patient was almost anuric and had received large amounts of fluid by 
mouth and subcutaneously The increase of fibrinogen which is such 
a constant finding in pneumonia and other infectious conditions would 
of course tend to make the plasma proteins relatively higher than the 
serum proteins 

Low serum proteins have been reported in severe anemias by Kahn 
and Barsky (7) and others In eight obser\'’ations on seven patients 
shonm in table 8 low proteins were found m the plasma five tunes It 
IS interesting that in four of these five instances the patients presented 
subcutaneous edema The association of edema and low proteins 
appears, how^ever, to be merely coincidental because one of the same 
patients, no 8169, on a second occasion had normal proteins in the 
presence of edema The low protems, furthermore, do not seem to 
depend on the presence, seventy or type of anemia In one case of 
polycj'-themia the plasma proteins were normal 

SUMMARY 

1 Determination of the protems m normal oxalated plasma gives 
values appreciably lower than those obtamed from the analysis of 
serum, in spite of the fact that the latter lacks fibnnogen This is due 
to the shnnkmg of the blood cells produced by oxalate 

2 The changes in carbon dioxide and oxygen tension of the blood 
encountered under ordmary conditions cause demonstrable but in- 
considerable changes m the plasma protems 

3 The production of venous stasis results m an increase of the 
protems in the venous plasma of the affected part which is due to a 
transfer of watei from the blood to the tissues 

4 Exercise may cause concentration of the venous plasma that is 
reflected m an increase of the plasma proteins 

5 Under certam conditions the exchange of water between the blood 
and the tissues m the capillaries may be so greatly accelerated that the 
concentration of proteins m arterial and m venous plasma may differ 
to a significant degree 

6 The degree of variation of the plasma proteins m a group of five 
normal individuals taken under various conditions was considerable 
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Rowe (17), in 1917, reported observations of the serum proteins of 
10 patients with diabetes The only remarkable thmg was the extreme 
vanabihty of the findings Both high and low \alues were obtained 
In the majonty of instances albunun and globulm preserved their 
normal proportions, but m some instances globuhn appeared relativ ely 
high Subsequent observers have confirmed Rowe and the general 
opmion appears to be that there is nothing characteristic about the 
serum protein level m diabetes 

In table 1 are shown the results of 52 observations of the plasma 
proteins of 31 patients with diabetes melhtus of varymg degrees of 
sev’-enty, studied at different stages of the disease 

EXPERIMENTAL PROCEDURE 

Wlienev er there is no note to the contrarj , the blood was taken in the morning, 
before the patient had breakfast and the morning dose of insulin The blood was 
withdrawn in a syringe and coagulation prevented b> the addition of enough 
neutnl potassium oxalate to make an 0 2 per cent oxalate solution m the blood 
The treatment of the blood is mdicated in column 6 of the table Those specimens 
marked cont were obtained without stasis and immediatel> placed over meTCur> 
m a blood sampling tube of the t>'pe described b> Austin, Cullen, Hastings, Mc- 
Lean, Peters and Van Sl>ke (1) Usuall> venous blood (ten ) was emplo>ed, but 
occasionally arterial (ari ) was used instead In specimens mdicated as cap the 
blood was withdrawn without precautions against air contact and brought mto 
equilibnum with 40 mm of COj m the air at 38®C b> the method previousI> 
described (16) before it was placed m the samplmg tube over mercury From 
the mercun samphng tube part of the blood was transferred to a centrifuge tube 
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TABLE 1 

Case Blood Plasma Otygen Cell Plasma Character of „ 

number sugar CO3 capaaty volume protans blood sample Remarks 
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and the plasma separated The latter v^as then rcmo\cd to a second sampling 
tube o\ cr mcrcui^ and from this samples were taken for anal>'sis The remainder 
of the blood ^ as uulizcd for the detcrminaUon of cell \ olume and for other purposes 
of no immediate importance in this connection 

For the estimation of cell \ olume an hematoent of the Daland t>'pe manu- 
factured b\ the International Instnunent Compan> for their centnfuges was 
cmplo^ ed Carbon dioxide was determined b\ the method of \an ShLe and 
Stadie in a water-jacketed machine cahbrated in 0 01 cc For the ors gen capaat> 
a technique dc\TScd b\ Lundsgaard and Neill* which penniU the saturation of the 
blood in the \ an Sl> kc apparatus, was used In order to reduce the amount of 
blood required the ox\ gen capaat\ was frcquenll> determined not on the whole 
blood, but on the cell residue The centrifuge tubes in which the plasma was 
separated were capcoall}, prepared wath contracted necks After the cells had 
been whirled down the upper lc\ cl of the plasma was carefull> marked. After 
the plasma had been remoxed the tube was hllcd to the mark with 0^ pier cent 
NaCl soluuon, the cells were well mixed with the saline, and the resulting emulsion 
was employed for the determination of oxjgen capacitj \ alues thus obtained 
agree with those obtained directlj from whole blood (If water is used for the 
dilution instead of sahne the resulting solution becomes so viscous that it is un- 
manageable ) For the total nitrogen of the plasma an ordinary macro-K.jeIdahl 
technique was employed Non protem nitrogen was determined on the whole 
blood b\ the Folin-Wu method (7), except that distillation and titration with 0 02 
Is alkah was substituted for direct Nesslenzation In some mstances, indicated 

an asterisk in the table, non protem nitrogen was not determmed In these cases 
0 19 per cent (corresponding to 30 mg of nitrogen p>er 100 cc ) was subtracted from 
the \ alues of the total nitrogen m terras of protem This was onix done when there 
was a reasonable certaintx that the blood non-protem nitrogen would prox e nor- 
mal In no case can this omission mtroduce anx significant error It is, of 
course, not stnctl> proper to use blood non-protem nitrogen x alues for plasma 
Presumablx the latter would haxe proxed somewhat less The necessitx for 
economy of blood made direct detennmations on plasma impracticable 

In some of the earher experiments no speaal effort to avoid venous stasis was 
practised m the collection of cap specimens Partly this was due to a failure to 
appreciate the impiortance of such precautions, partl> because the blood was 
intended more particularly for other purposes and the studies of plasma proteins 
were only madental This mx ahdates none of the important experiments In 
the earhest observations the plasma used for protem determinations was made up 
from all the remnants left from other work on the blood specimens and portions of 
it were even denx ed from blood that had been exposed to the air This probably 
mtroduced no senous errors but must be taken mto consideration m at least one 
case, no 15096 


^ Personal communication 
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second occasion he had been taking insulin for some time, with ex- 
cellent results, and \\as admitted to the hospital onl> because he 
had de\ eloped a cold and a slight plcuns\ that was attended by an 
exacerbation of diabetic s\Tnptoms and the appearance of large 
amounts of sugar and acetone in the unne With this he lost v eight 
^e^> rapid!) and, at the time of the examination, appeared distinctly 
deh\ drated It wJl be noted that the plasma proteins are near the 
upper limit of normal The hemoglobin does not, howe\er, appear 
ele\Tited 

With one other exception the \alue 5 observed var>" only within 
normal limits and the \anations bear no relation to the level of 
blood sugar, carbon dioxide or hemoglobin No 18067 was an 
unusual case in e\er>" respect She was admitted in diabetic coma 
withm 48 hours after the onset of an acute attack of abdommal 
pain attended by persistent \omitmg No pre\nous history of 
diabetes could be obtained Blood was taken immediately after she 
entered the hospital when she was in deep coma, with tj^Dical respira- 
tions of aadosis She appeared extremely desiccated, her pulse was 
weak and rapid and her s>stohc blood pressure only 80 mm With 
insulm she was brought out of coma, and the respirations were 
temporarily qmeted, but she sank back mto her ongmal state with, 
extreme rapidity After her admission to the hospital she passed, 
very httle unne and the administration of fluids by mouth and by 
hypodermoclysis resulted only m the development of edema She 
died within 72 hours after her admission to the hospital 

The high hemoglobin at once suggests a concentration of the blood 
from loss of water and this seems reasonable m \new of the vomiting 
and the overventilation On the other hand concentration can offer 
no explanation for the low proteins In fact no mere alteration of 
blood water can explam the paradoxical findmgs There was no 
ewdence of any preexisting condition that could have determmed 
such extremely low proteins The immediate disease might ha\e 
caused a specific destruction of the plasma proteins, but the duration 
of symptoms was so short that this seems unlikely It is far easier 
to beheve that proteins had passed from the blood 'WTute and 
Erlanger (19) found that m surgical shock and allied conditions, 
although the cellular elements of the blood became concentrated by 
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Blood sugar was determined b^ the method of Fohn and Wu (8) except in a few 
of the earlier studies A\hcn Benedict’s modification of Lewis and Benedict’s method 
(2) A\as used 


OBSERVATIONS 

The 13 observations in the first section of table 1 are from mild and 
for the most part uncomplicated cases of diabetes The majonty 
were made before breakfast the raormng after the patients were ad- 
mitted to the hospital, and, therefore, while glycosuna still persisted 
and before dietar}’- treatment had been well started None of these 
patients showed evidences of senous dehydration or any considerable 
loss of weight The plasma proteins are, in all but two of the twelve 
observations quite normal The two exceptions, nos 15733 and 20387 
both had rather low proteins The reduction in 15733 is shght, 5 98, 
and there were so many comphcating factors m the case that it is 
impossible to asenbe the fault to diabetes It is unfortunate that 
only one observation was made on no 20387 The low protein was 
qmte unexpectedly encountered m the course of an experiment m 
which the blood was being used for control purposes only In review- 
ing the case afterwards it was found that on the day of the blood 
examination the patient had a transitory glycosuna and an extraor- 
dinary diuresis that persisted for 3 days Of course it is impossible 
to connect these phenomena with the low protems directly m the 
absence of other examinations of the same mdividual It may be 
of some significance that the lowest proteins m this senes were asso- 
ciated also with the lowest hemoglobm 

The 10 observations of section 2 represented smgle exammations 
of patients with diabetes of inherently greater seventy or aggravated 
by some comphcating condition Although no 10572 was studied 
on two occasions it is impossible to compare the two observations 
because an interval of almost a year had elapsed between them 
On the first occasion he came to the hospital extremely mahiounshed, 
on a low diet Extreme dietary reduction was necessary to render 
him aglycosunc and to overcome an imtial aadosis Under these 
circumstances, as is so often the case, the early part of his recovery 
was attended with the development of some edema It was dunng 
tVng edematous penod that the low proteins were found On the 
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It 15 hard to a\oid the feeling that these rapid alterations of plasma 
protein that occur in simple cases arc mcrel> expressions of changes 
in the state of h 3 dration of the blood Tlie fact that the calcula- 
tions based on hemoglobin and cell \olumcs do not agree exactly 
with those based on plasma protein values does not refute such a 
theor}" Perfect agreement could hardl} be expected in \new of the 
profound disturbances of arculation that must accompany condi- 
tions of diabetic intoxication and may affect the number of cells 
arculating in the pcnphcral blood Regeneration and destruction 


TABLE 2 


Ca-c curaber 

Rclati\T pli: 
calculati 

O'Op^aty and 
cell %T)!an:e 

i-u \oIurrc 
ed from 

Plasma pro nns 

PemarLs 

2W61 

1 00 

1 00 

\t time of admission 


1 10 

1 03 

2 daj's later 

29754 

1 00 

1 00 

\t time of admission 


1 20 

1 19 

2 daj-s later 

15120 

1 00 

1 00 

At time of admission 


0 89 

0 96 

The next raoming 

29061 

1 00 

1 00 

At time of admission, January 28 


1 14 

1 Ot 

The next mommg, January 29 


1 30 

1 35 

One da> later, Januar> 30 


1 39 ! 

1 43 

One veek later, February 6 

15670 

1 00 

1 00 

At time of admission 


0 87 

1 07 

10 daj’s later 

15096 

1 00 

1 00 

At time of admission 


1 09 

1 26 

2 da>*s later 


1 38 

1 16 

1 month later 


of the proteins themselves must go on and may share m the general 
metabohe disturbance that exists With the recogmtion of the im- 
portance of hydration as a factor, however, httle has been gamed 
The production of appreaable changes m the water content of the 
blood m normal individuals is difficult To effect a plasma dilu- 
tion amountmg to 30 per cent is almost impossible 
Widal, Abrami, Weill and Laudat (20) have noted similar changes 
m the concentration of the proteins m the serum of diabetic patients 
with aadosis after the administration of iletm and the} also mter- 
pret the dimmution of protem as an expression of blood dilution 
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loss of water to the tissues, the plasma proteins fell The low hlood 
pressure and the climcal picture in this case is quite suggestive of 
“shock” and it is not surprising, therefore, to find an inspissabon of 
the blood vuth low plasma proteins If this explanation of the find- 
ings IS correct the protein change can not be referred directly to the 
diabetes but must be ascribed to the condition that precipitated the 
acute cnsis No clue to this underlying condition could be found 
and autopsy \vas refused 

On each of the 9 cases in section 3 two or more studies were made 
at comparatively short intervals and opportumty is therefore given 


to study the mechamsm of some of the vanations that occur m 
different stages of the disease The first 2 patients, nos 26461 and 
29754, had diabetes of moderate seventy, m the latter case comph- 
cated by an otitis media Both had typical diabetic symptoms, and 
on admission appeared dehydrated They had been losmg weight 
rapidly and showed marked glycosuna and ketonuna In each case 
the admimstration of insulin and adequate amounts of flmds resulted 
m a striking increase in weight with a simultaneous fall in both 
hemoglobin and plasma proteins In table 2 the relative plasma 
volumes, calculated from hemoglobm and cell volume and from 
plasma protem, are compared In both mstances the changes calcu 
lated by the two methods are m the same direction, in the secon 
case they are also of the same magmtude One can not escape the 
feeling that water exchange is the predommant factor behmd sue 
alterations and that the prehmmary dehydration and subsequent 
restoration of the normal flmd content of the body are reflected in 
the protein values The fourth case, no 15120, presents a different 
picture The patient, an elderly woman with diabetes and a comp 
catmg pneumoma was m a desperate state at the time of admissiOT 
Dehydration was quite noticeable and the admimstration of flui s y 
mouth difficult Although with iletm it proved possible to over- 
come the glycosuna and ketonuna, the overventilation, temperature 
and inadequate flmd intake resulted probably m a further negative 
water balance which is assoaated with an mcrease of 
terns, hemoglobin and ceU volume The changes m nos > 

15096 and 22350 seem to be of the same nature and in the first an 
last of these three cases the high imtial values, 8 37 and 8 are 
indicative of a very definite concentration of the blood 
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alkaline resene, the state of hydration apparently bears no relation 
to the absolute le\ cl of plasma CO: In onl> one or tv, o cases vras 
the CO: of the plasma abo\c the upper normal level and edema 
occurred frequently m the presence of a normal CO: From a chn- 
ical standpoint only, the conditions that usually result m edema in 
diabetes can be fairlj v,cll defined It usually occurs in poorly 
nounshcd indi\’iduals v*ho are receiving an madequate diet, but show 
no reduction in the plasma bicarbonate It is espeaally apt to 
de\clop dunng or just after recovery from a severe attack of diabetic 
toxemia Before the advent of insubn it was more common than 
it IS at present The dev elopraent of aadosis or the administration 
of aadosis produang drugs results in rapid diuresis In the absence 
of such therapy the edema disappears when the diet is increased to 
meet the demands of the mdividual This is well illustrated by case 
DO 15670 At the time of the second blood exammation he had 
de\ eloped general anasarca At that time he was receiving only 
1340 calones without insulm and had moderate gl> cosuna After the 
addition of enough insulm to dear the glycosuna, the edema 
disappeared as rapidly as it had come No 10572 delivered his 
edema as soon as he was given a maintenance diet and insulm 
This nutntional factor plays a part m the development of edema 
that appears to be mdependent of the aad-base equihbnum, or at 
least of the level of the plasma or blood carbon dioxide It may be 
some of the aad-base elements other than bicarbonate that is at 
fault Peters (15), Stillman, Van Slyke, Cullen and Fitz (18), 
Cullen and Jonas (21) and most recently Bock (3) have noted that 
after recovery from diabetic aadosis the plasma bicarbonate rises 
rapidly, while the alveolar carbon dioxide tension remains low If the 
alveolar carbon dioxide is the same as that of the artenal blood such 
a discrepancy can only result m an uncompensated alkalosis This 
Bock and his coworkers found m some of their cases We have also 
noted a tendency on the part of some of these patients to develop a 
mild grade of imcompensated alkalosis durmg the penod of recovery 
Gamble, Ross and Tisdall (9) suggest that the water balance is 
more strictly determined by the level of the alkaline metals m the 
body and that a retention of these elements is attended by a dimm* 
ished fluid output To test this hypothesis we have analyzed the 
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Thc 3 ^ could not, however, connect this directly with the water balance 
nor with the glycemia, tlie acidosis nor the assimilation of carbo- 
hydrates In tliose of our cases in which rapid dilution occurred 
there is a definite retention of fluids and increase of weight as the 
protein falls That the admimstration of fluids alone is not capable 
of producing such an effect is, however, well illustrated by case no 
15096 who was admitted vuth an edema It is also clear from this 
case that edemas which occur in the course of diabetes are not in- 
vanably assoaated with low plasma proteins and blood dilution 

Gamble, Ross and Tisdall (9) have shown that fasting results m 
a loss of water from tlie body and that this dehydration is one of the 
effects of acidosis and depletion of base The well known diuretic 
effects of ammonium chlonde and calcium chlonde have been shown 
by Haldane (10) to depend also on the production of an aadosis 
It has repeatedly been demonstrated (5) that the edemas which occur 
in the course of diabetes can be rapidly dehvered by the admimstra- 
tion of these acid produang salts and that edema is prone to develop 
after the admimstration of sodium bicarbonate Oehme (14) has 
made the statement that all conditions that tend towards the pro- 
duction of aadosis result m diuresis, and, vice versa, any increase in 
the alkahmty of the blood leads to a retention of flmd At first 
sight it seems as if m these studies, also, dehydration was associated 
vuth acidosis and retention of flmd with the restoration of the normal 
alkahmty of the blood 

No 18067 of section 2, mentioned above, is apparently an excep- 
tion to the rule, but this must not be given too much weight because, 
as we said above, she was exceptional m every respect When fluid 
balance is considered the case seems comparatively clear From the 
standpoint of blood hydration, however, frequent mconsistenaes 
appear For instance, no 15096, at the time of adnussion, had a 
normal plasma CO 2 and an edema, at the same time both hemoglobin 
and plasma protans were high, mdicatmg a concentration of the 
blood Apparently the hydration of tissues and blood may be disso- 
aated in diabetes just as they have been found to be in nephritis and 
m cardiac disease 

Although tissue dehydration is in most instances associated wi 
aadosis and retention of flmd with the restoration of the norm 
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or the other metabolic disorders associated mth diabetic toxemias 
that determines the tissue dehydration is well illustrated m no 
15096 This patient had rcceued large doses of alkali before ad- 
mission and had also \omited large amounts of food and fluid, pos- 
sibly with the loss of considerable chlondc The consequence was 
that m spite of the presence of an enormously high blood sugar, 
marked ketonuna and all the symptoms of impending diabetic coma 
except the hyqicrpnca, her plasma CO: content proved normal 
Under these arcumstances she de\ eloped an edema during the dia- 
betic intoxication 

\lthough It IS possible to c-xplam the changes that occur m the 
plasma proteins o\ er short periods of time on the basis of alterations 
of blood hydration in the majonty of cases, in a few the facts do not 
seem to permit such an explanation For example m no 18467 the 
oxygen capaaty rose m the course of a few hours from 15 3 to 16 6, 
while the proteins fell from 6 72 to 6 26 Cell volumes were not 
determined m this case, but it is mconceivable that the cells could 
have shrunk enough to account for such a discrepancy^ Such occa- 
sional exceptions do not seem to us to invahdate our explanation 
It would be extraordmary mdeed if hemoglobm, cells and proteins 
were always proportionally distributed m all parts of the orculatmg 
blood The matter can be defimtely deaded only by the simul- 
taneous apphcation of some other method for the direct determina- 
tion of plasma volume 

Comparisons of proteins and hemoglobm made at mtervals of more 
than two days m most instances show no parallelism The methods 
are inappbcable to studies over long penods because of the play of 
the forces that determme regeneration and destruction of proteins and 
blood cells In case 15096, for instance, at the tone of the second 
exammation hemoglobm, ceU volume and plasma proteins had all 
fallen together, one month later at a third exammation the hemo- 
globm and ceU volume were still lower, but the plasma proteins had 
risen to the normal level No 22350 shows a similar course of 
events One gams the impression that the high proteins foimd m 
the first exammation were due to the extreme dehydration of a 
blood that really contained less pro tern than normal Rehevmg 
the acute condition results m the restoration of the normal plasma 
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serum of some of the patients for total base by a method devised by 
Cullen (4) similar to the Fiske (6) method for the determination of 
total base in urine In conjunction witli this method the chlondes, 
carbon dioxide, inorganic phosphates and proteins have also been 
determined In this manner the total inorgamc anions and kabons 
can be balanced against one another In table 3 are presented the 
results obtained on one patient during a period of edema and after 
diuresis The edema was very slight There is no evidence of any 
change in the level of the total base of the serum in this case and an 


TABLE 3 

Case 34295 
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a 

a 

E 

S 

P 

Plasma COj content 

Plasma NaCl 

Scrum inorganic 
phosphate 

Total inorgamc nail 

Total base 

Difference base aad 
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m^m 

ptT 

WO cc 

voh 

per 

cent 

voU 

per 

cent 

per 

cent 

TOU 

per 
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srams 

per 

liter 

grams 

per 

liter 

mU 

mM 

mM 


August 23 


18 0 

41 5 

1 

6 03* 

70 3 

5 89 i 

i 

0 035 

134 0 

1 

154 3 

20 4 

Slight edema 
of ankles 
Weight 147 
pounds, in- 
creasmg 

August 30 

152 

16 7 


6 45* 

68 0 

5 90 

0 037 

133 2 

154 9 

21 7 

No edema 

'Weight 144 
pounds, di- 
minishing 

pH of plas- 
ma 7 39 


insignificant alteration of the total inorgamc acid If these observa- 
tions are typical of diabetic edematous conditions it appears that 
some factor other than the acid-base balance must be active in the 
production of the edema It is possible that undernutntion with 
its attendant loss of body pro tern may render these subjects more 
susceptible than normals to the effects of alkah In this connection 
one can not but be reminded of the famme edemas that were so 
prominent m the War (13) 

The fact that it is really the acidosis of diabetes and not the ketosis 
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were receiving adequate diets (See, for e-\amples, nos 10572, 15096 
and 22350 ) 

Case 22350, v\as again admitted to the hospital recently after 
another attack of vomiting, in a desperate condition The findings 
on the second admission arc sho\Mi in table 4 The same rapid fall 
in the protein level during the first few days is noticeable This 
time, however, tlie initial protem level is much lower and the sub- 
sequent depression proportionately greater But again, after an 
interval and with the establishment of proper metabolic conditions 
the proteins rapidlj rise to the normal lev cl The low protems and 
blood concentration in this instance are quite similar to the findings 
in case 18067, mentioned abov'c It may be that both are due to 
the same cause and that the explanation previously advanced for 
18067 IS unnecessar}’' 

It IS needless to pomt out that without insuhn these studies could 
have led to no more satisfactory^ conclusions than those of previous 
observers The miraculous rapidity with which the chmeal and 
metabohe features of a case can be altered by the use of this drug 
accelerates the blood changes to such an extent that blood dilution 
can be studied with less danger from the mtroduction of compheatmg 
factors 

As to the underlying cause of the low proteins in sev^ere diabetes 
only speculation is as yet permissible It does not seem absurd to 
connect them with the general malnutntion and protem wastage 
that these patients exhibit Kerr, Hurwitz and WTiipple (11) have, 
to be sure, shown that short penods of starvation do not affect the 
plasma proteins It is, however, axiomatic that starvation does not 
result m nutntional disorders similar to those produced by the pro- 
longed use of imbalanced diets The same authors (12) have shown 
that the regeneration of protem after plasma depletion is retarded 
by madequate diets One is tempted to conclude that the low pro- 
teins m the plasma m severe diabetes are due to an msuffiaent pro- 
duction or regeneration which is augmented when the normal nuta- 
tion and metabolism are restored 

This agam opens the question of the diabetic edemas Usually m 
the presence of edema the proteins are low That this is not m- 
vanably the case has been demonstrated This is to be expected if 
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volume and reveals the true level of the proteins, which is low As 
improvement in the general, condition progresses the total amount of 
protein in tlie body increases, possibly because of an mcreased pro- 
duction In favor of such a theory is the general nature of the con- 


TABLE 4 

Case 22350 



u 

G 

S3 

cn 

-a 

8 

a 

c 

a 

c 

c 

u 

M 

Cell \olume 

Plasma protema 

Plasma COi content 

RemarLs 

September 6,11pm 

September 7, 9 a m 

September 8, 9 a m 

September 10, 10 a,in 

September 16, 8 a m 

mgm 
per 
100 cc 

462 

370 

233 

j 

257 

270 

TOls 

per 

cent 

TOls 

per 

cent 

per 

cent 

5 06 

i 

3 22 

4 75 

6 70 

rots 

per 

cent 

19 0 

27 7 

47 0 

28 0 

59 8 

1 At time of admission Patient 
% omiting contmuously Large 
amounts of glucose and ace- 
tone m urme 

Still vomiting contmuously? but 
has received msuhn, carbohy- 
drate and fluids Acetone has 
diminished 

Vonutmg has ceased Improve- 
ment contmues Fluid m- 
1 take larger 

Vomited agam this morning? 
with recurrence of all symp- 
toms 

Greatly improved Receiving 
adequate diet with large doses 
of msulin 

September 24, 8 a m 

462 

16 5 

37 6 

6 14 

57 7 

Improvement contmues 

Weight has mcreased steadily? 
without occurrence of edema 
pH of plasma 7 48 

October 7, 8 30 a m 


16 5‘ 

40 

5 98 i 

55 1 

Just before discharge from hos- 
pital 


ditions associated with low plasma proteins in diabetes In this 
senes, with the exception of no 20387, no protem value below 6 per 
cent was found except in the presence of a severe diabetes 
marked evidences of wasting The same patients invanably ha 
normal plasma protems when the disease was under control and they 
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both low proteins and edema are charactenstics of severe diabetes 
and if edema is provoked Ipy alkalosis, which seldom exists when the 
blood IS dehydrated 


SUMMARY AND CONCLUSIONS 

In mild diabetes unassociated witli ketosis or malnutntion the 
plasma protems are usually normal 

In severe diabetes associated with chrome malnutntion the plasma 
proteins are usually found reduced When proper nutntion and 
metabohe conditions are restored the plasma proteins resume the 
normal level 

In conditions of severe diabetic toxerma with ketosis the blood 
becomes concentrated by loss of water Under these arcumstances 
the plasma protems appear relatively high When the toxemia is 
overcome a rapid dilution of the blood and a reduction of the plasma 
protems occur 

The tissue dehydration which is so striking a part of the picture 
of diabetic toxemias appears to be closely related to the acidosis 
Restoration of the alkahne reserve is attended by retention of fluid 
m the body 

True diabetic edema seldom if ever occurs m the presence of aado- 
sis A defimte alkalosis is, however, not essential to the production 
of edema A nutntional factor apparently plays a part m deter- 
mmmg the excessive accumulation of flmds, as edemas are charac- 
tenstic of malnourished patients with severe diabetes who are usmg 
insufllcient food, and can be ehmmated by the admimstration and 
utilization of adequate diets The fact that diuresis can be mduced 
by the production of acidosis mdicates that the acid-base equihbnum 
also plays its part m the etiology of the edema It is suggested that 
the state of malnutrition may render the subject pecuharly suscep- 
tible to the effects of alkah 

The common association of low plasma proteins with diabetic 
edema is probably not one of cause and effect but is a result of the 
fact that both phenomena are characteristic of severe diabetes with- 
out acidosis 



IODINE STUDIES 


I The AvroiTs. of the Thyrohi Glaxo for Various Iodixe 
COMPOUXDS IX Vitro 

I M R.\BIXOinTCH 

\\rni mz \ssist\ncc or ALTHEA B rMTU 
{From the Departrrert of }Tetabolismj Mortreal General Uospitalj "[[orlrealt Canidd) 

(Rccencd for publication, rebruarj 9, 1925) 

rxTRODuenov 

The literature on the relation of iodine to the thyroid gland is 
extensne, and a comprehensive revie\\ of it is not presented in this 
paper Excellent reviews exist The older hterature has been 
^ev^ewed b> Horsley (1), the more recent by Wells (2), Manne (3) 
and Rost (4) Reference will be made only to those observations 
relevant to the particular problem under consideration 
It is now generally recognized that though the thyroid gland con- 
tains little or no lodme m utero (5), after birth it becomes the chief 
storehouse for this element In the adult it contains approximately 
2 mgm per gram of dry substance (6) The quantity is much less 
dunng the first ten years of life and there appears to be no significant 
vanations due to the sex of the mdividual (7) It is characterized 
by a marked disproportion between its importance m the human 
economy and the amoimt required for its functional purpose An 
mtake of approximately 500 mgm a year suffices With the exception 
of a minute portion which is m morgamc form or m combmation 
with hpoids (8), all exists m organic form Practically all of it is 
found m the “colloid^’ substance (9) of the thyroid gland, the cells 
containing neghgible quantities All the lodme may be dissolved out 
from the thyroid m physiological salt solution (10) Smee Baumann’s 
discovery, m 1896, that the chief active ingredient of the coUoid is 
an lodme containing compound, very httle has been advanced as to 
the various chemical compositions m which iodine may exist in the 
gland, with the exception of the identification of thjToxm (11) 
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has showTi that when the thjTOid has httle iodine, administration of 
the latter leads to enormous storage in the gland The amount may 
be so great as to produce an acute th>Toiditis Kocher (19) has 
demonstrated that when lodme is given to a goitrous individual, the 
concentration of this clement in the colloid is increased Later 
Manne (2) demonstrated the rate at w hich lodme may be stored within 
the gland when fed to animals Withm five minutes after the m- 
jection of 50 mgm of potassium iodide into the femoral vem, the 
concentration may mcrease se\eral hundred per cent 

Manne (2) first noted that there was a latent penod of about 24 
hours after lodme administration before a reaction was observed 
Boothby and his coworkers (21) later demonstrated such a latent 
penod m the case of thyrovin The wnter (25) in a study of the 
action of thyrovm, suggested a possible explanation of this phenome- 
non Kocher (20) first made the observation that the avidity of the 
thyroid for iodine may be a function of the concentration of that 
element already present m the gland The tissue of an adenomatous 
thyroid gland does not take up the lodme m the same manner as 
does the normal thyroid tissue The importance of this observation 
appears to have been overlooked, but it has an important bearing 
on the work to be presented m this paper 

OBSERVATIONS 

Observ^ations have been made upon the following pomts 

1 The effect of exposure of vanous tissues to a watery solution of 
lodme, mcludmg muscle, serum, spleen, pancreas, kidney and normal 
thyroid glands 

2 The effect of exposure of diseased glands to the same solution 

3 The effect on vanous tissues and diseased th3T:oid glands of 
dilute solutions of 

a LugoPs lodme 

b Aad iodide (made of hydnodic aad and lodme) 

c Potassium iodide 

4 Effect of treatmg glands exposed as above with chloroform, 

Regardmg the solutions used it may be said that when lodme is 

dissolved m hydnodic aad or m a solution of potassium iodide, there 
IS evidence of chemical combmation with the formation of poly- 



474 


IODINE STUDIES 


Great confusion is found regarding the iodine content of the thyroid 
in disease It lias been frequently found that the iodine content has 
varied inversely with the degree of epithelial hyperplasia (12) (10) 
(13) Epithelial hyperplasia is usually regarded as evidence of 
acti\nty According to an equal number of observers, thyroid 
activity was found to vary directly as the iodine content (14) The 
problem of the relation between the incidence of goiter and the 
availabihty of iodine shows still greater confusion Good clinical 
results followmg iodine administration have been observed for many 
years Since Baumann’s observations that glands m goitrous dis- 
tnets contain less iodine, not only per gram but per gland, the con- 
census of opimon appears to be that lack of iodine is the causative 
factor in the production of goiter In spite of this, however, iodine 
defiaency cannot be accepted as the only factor Not only has there 
frequently been found a normal amount or even an abundance of 
iodine m goiters, but many well controlled experiments have been 
reported, which fail to support the view that lack of lodme is the 
sole cause of goiter (IS) Here again clmical expenence is corrobora- 
tive No satisfactory explanation has yet been offered for success 
and fadure of the same therapy, m two mdividuals presentmg the 
same clmical picture Though lodme therapy is successful m the 
majonty of cases of endemic goiter, toxic symptoms have been noted 
to occur m mdividuals with apparently the same type of goiter, 
espeaally m the case of those hvmg m non-goitrous districts It has 
been suggested that iodine may also be useful m toxic goiters, yet it is 
used as a differential diagnostic test m this condition, because it has 
been found to mtensify the symptoms of toxic goiter (16) Admims- 
tration of lodme to cases of exophthalmic goiter is known to yield 
benefiaal results In the majonty of instances, however, these are 
only temporary, and subsequently, by prolonged use, the symptoms 
may be intensified 

Since the thyroid gland is of such paramount importance in con- 
troUing metabohsm, and smee it appears to reqmre iodine for this 
function, the selective deposition of this element m the gland is a 
subject worthy of study Nagel and Roos (17) first demonstrated 
that following the admimstration of iodine to patients, the thyreo- 
globuhn becomes nch in lodme, orgamcally boimd Mendel (18) 
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If the latter procedure is adopted, the filter must be rcpcatcdK cashed until all 
iodides ha\c been ashed down To this solution is then added 10 to 25 cc of 
chloroform, depending upon the nature of the tissue (normal or pathological) 
Three cubic centimeters of concentrated sulphunc and 2cc of concentrated nitnc 
aad arc then added, and the flask is rapidh rotated As the iodine is liberated 
IS dissoh cs in the chloroform, \aclding the charactcnslic color The long neck of 
the flask prc\cnts the loss of matcnal due to spurting dunng the reaction as the 
aad IS added, and dunng rovation, and faalitatcs the collection of the chloroform 
solution WTicn ail the iodine has been dissohed in the chloroform, the flask is 
stoppered and in\ erted The solution of iodine in chloroform is thus collected and 
asufBaent quantiU is allo^\cd to pass through a dr\ filter into thecolonmetnccup 
The mtcnsit\ of colour is then compared v.ath a solution of chloroform m which the 
concentration of iodine is known The usual colonmetnc calculations are then 
applied Thus 



— X — = muiigrains of iodine per gram of tissue 
dS J 


where S •= reading of standard 
R = reading of unknown 
A’ = grams of tissue used 
dR = dilution of unknown 
dS a dilution of standard 
G = milligrams of iodine m standard 

B> this method it is possible to recover the added iodine withm 0 2 mgm , an 
accuraev suffiaent for the purpose of this m\ cstigation 


RESULTS AKD DISCUSSION 

The results of the expemnents are given m the accompanying 
tables All figures in the tables represent milligrams per gram of dry 
tissue In table 1 are recorded the results of the exposure of various 
tissues of the body to a watery solution of iodine In table 2 are 
recorded the results of the exposure of ten diseased glands to the same 
solution It will be noted that, m vitro, the thyroid gland has a 
greater affimty for lodme than the other tissues of the body A 
stnkmg difference is noted m the a\Tdity m the case of pathological 
glands, as compared with the normal In table 3 are recorded the 
results of the exposure of the same tissues to the different forms of 
lodme In table 4 are recorded the results of the exposure of diseased 
glands to the different forms of iodine It will be noted that m any 
particular case m these tables, the amount of lodme recovered differs 
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iodides (additive combinations) '■ Thus HI + Is^HI I2 or HI3 
The nature of the polyiodidcs depends upon whether iodine solution 
has been saturated with iodide or whether the iodide solution has 
been saturated with iodine In the former case the lowest, and in the 
latter the highest polyiodides, are obtained Thus, though Lugol’s 
solution, and the acid iodide are made of lodme and iodide, it is 
obvious that the four solutions used in this investigation differ from 
each other chemically and physically 


TECHNIQUE 

The tissues ucrc first cut up finely and desiccated in an oven at llO^C to a 
constant weight They vere then pulverized in a mortar and passed through a 
gauze sieve Any gross particles of fibrous tissue were thus separated An 
approximately equal portion (about 1 gram) was then exposed overnight to the 
vanous iodine solutions Each flask contained approxunately 500 cc of an 
0 020 per cent solution of total iodine This concentration was chosen for the 
purpose of uniformity, since it is approximately the maximum concentrafion 
possible in the case of a water\' solution of crystalhne iodine The following dav 
the supernatant flmd was decanted and the tissue washed repeatedly 
tilled w'ater imtd the wash water wns clear The tissues were then again dn a 
110°C to a constant weight Each specimen was then divided, approximat y, 
into two equal portions The iodine content was then determined m a 
quantity of one portion The other portion was kept for chloroform treatoen 
which consisted in the exposure to chloroform overmght The following 
was washed repeatedly with chloroform, dried to a constant weight an g lo 

content determined ^ i 

The method of iodine determination was essenbally the same as ^hat desenoeu 
by Rabourdm (22), and subsequently employed by Baumann and Koos I ) 
and Manne and Wilhams (24), except that colour comparisons were ma e 
the use of a Duboscq colorimeter, and the standard was made by dissolving r 
hmed lodme m chloroform In detail it is as follows kIp 10 

To a known quantity of the tissue (about 0 5 to 1 gram) mam e crua > 
cc of a 20 per cent solution of KOH are added, and allowed to remain ® 
at 110°C for about 30 mmutes The uniform mixture is then evaporated s y 
to drjmess, avoidmg any spurtmg This is then carbonized 
IS then added to the carbonized mass and the mixture is heated until ^ , 

IS obtained Thelatterisdissolvedinhot water, cooled and quanti a y 

into a 500 cc volumetn c flask It is preferable to filter the solution mto th e^ 

^ The results of a comparative study of the chmeal use of Lugol s 
other polyiodides for exophthalmic goiter m this Hospita , m 
published 
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adsorbed This ^\as based upon the observation that, in certain 
instances, within 5 to 6 hours after exposure of the thjToid tissue to 
the solution, the latter would become almost colorless It might be 
recalled here that weak solutions were used (1 cc =02 mgm I) 
Another possible explanation was that the lodme united with the 

TABLE 3 


Efeci of exposure of Tonoiis tissues ard norirat thyro d glands to d fercnl forirs of iodine 

sol (tions 


TJ sue 

Aad 

iodide 

Lejol 1 
solution 

Pota. rum 
fodide 

Uatcry 

iodine 

ifanr-am 

varubon 

Musdc 

0 

0 61 

Trace 

0 46 

0 61 

Serum 

1 79 

1 05 

Trace 

1 61 

1 79 

Spleen 

2 62 j 

Trace 1 

Trace 

1 89 


Pancreas 

Trace 

Trace | 

Trace 

Trace 


Kidne} 

0 37 

0 40 

Trace 

1 14 

1 14 

ThjToid (normal) 

Trace 

Trace i 

Trace 

1 20 

1 20 

ThxToid (normal) 

3 9 

3 1 

2 8 

5 0 

2 20 

XhjToid (normal) 

5 4 

5 8 

3 0 

6 2 

3 20 


* Milljgnim per gram dr> weight. 


TABLE 4 


Effect of exposure of diseased thyroid glands to various fonrs of iodine solutions 


Tiisue 

Aad Iodide 

Lujol s 
foIatioD 

Potassiom 

iodide 

Watery iodine 

iLtnmtim 

variation 

S-23-232 

36 6* 

43 0 

49 3 

12 1 

37 2 

S-2-1^1062 

19 7 

11 0 

7 7 

16 0 

12 0 

&-24-225 

71 8 

74 8 

28 2 

21 8 

53 0 

S-24-194 

! 94 6 

57 5 

29 6 

44 4 

65 0 

S-23-39 

62 4 

34 4 

25 0 

20 9 1 

41 5 

S-23-277 1 

27 9 

18 9 

42 2 

27 5 

23 3 

S-24-099 

14 0 

5 2 

1 8 

4 4 , 

12 2 

S-23-119 

79 2 

38 0 

26 5 

18 5 1 

60 7 

L-135 

92 1 

69 1 

59 0 

29 7 

62 4 

Sloan J 

35 1 

45 1 

50 0 

51 0 

15 9 


* Milligram per gram dry tissue. 


lipoids present. The thyroid gland, unlike other glands of internal 
secretion, has, however, been found to be poor in hpoids (26) How- 
ever, it appeared reasonable to test these possibOities, by treating the 
glands, after exposure to iodine, with chloroform, and comparmg the 
iodine content before and after such treatment If either of these 
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With the type of iodine solution In the case of body tissues other 
than the normal thyroids, the quantities of iodine recovered are very 
small or negligible The avidity of the normal thyroid glands for 
lodme is again noted to be greater than in the case of the other tissues 
Table 4 shows strikingly the results in the case of the diseased glands 

TABLE i 


LJfcct of exposure to solution of iodine 


Number 

Before exposure 

After exposure 

Tissue 

1 

0 

0 46* 

Muscle 

2 

0 

1 61 

Serum 

3 

0 

1 89 

Spleen 

4 

0 

Trace 

Pancreas 

4 

0 

1 14 

Kidney 

6 

0 45 


Normal 

7 

Not determined 

5 00 

Normal thyroid 

8 

Not determined 

6 20 

Normal thyroid 


* MiUigram per gram dr> tissue 


TABLE 2 


Effect of exposure of diseased thyroid glands to a watery solution of iodine 


Number 

Before exposure 

After exposure 

Tissue 

1 


12 1* 

S-23-232 

2 


16 0 

S-24-1062 

3 

0 14 

20 9 

S-23-39 

4 

1 20 

21 8 

S-24-225 

5 


55 4 

S-24-63 

6 


44 4 

S-24-194 

7 

0 36 

18 5 

S-23-119 

8 

1 10 

27 5 

S-23-277 

9 

Trace 

29 7 

L- 135 

10 


41 1 

S-23-194 


* Milligram per gram dry weight 


Here it will be noted that not only is the avidity greater in each case 
than the normal for any particular solution, but with any one gland 
differences as much as 60 mgm per gram may be noted, depending 
on the type of solution to which the latter was exposed 
Two possible explanations of this phenomenon, other than chemical 
combmation, suggested themselves One was that the iodine was only 
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explanations was correct, a marked diminution in the iodine content 
would be expected after the treatment with chloroform In table 5 
are recorded the results of ten such observations The amount of 
iodine taken up by the different glands varied from 3 to 99 mgm per 
gram No significant change was noted in the iodine content m any 
case after chloroform Of the little change noted, there was no rela- 
tion between the loss of iodine after chloroform treatment, and the 
amount taken up by the gland It is obvious, therefore, that this 
phenomenon cannot be explained readily by adsorption or chemical 
combination with lipoids 


T\BLE 5 


Effect of treatment of exposed glands chloroform 


Number 

Before treatment 

After treatment 

Difference 

1 

1 i 

20 9* 

20 4 

0 5 

2 

19 7 

18 9 


3 

7 7 

7 1 


4 

16 0 

15 9 


5 

3 0 

2 2 

08 

6 

4 2 

4 2 

0 

7 

i 26 0 

25 9 


8 

55 4 

S3 6 

1 8 

9 

99 8 

99 1 


10 

35 2 

34 4 

0 8 


* Milligram per gram dry weight 


Grateful acknowledgment is due to Dr L J Rhea, Director of the 
Pathological Department, for the matenal made available for this 
work 
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THE EFFECT OF SO^IE PATHOLOGICAL COKDITIONS 
UPON DYSPNEA DURING EXERCISE 

I Artificial Stenosis 

\ W HE\\T.ETT, J K. LCTTS a.sd ANN\ FRANKLIN 
{From ll e Dcpartmatt of iLcdiane, Stanford llcdtcal School) 

(Rcce 3 \ cd for publication, Januarj 26, 1925) 

INTRODUCTION 

That d^^spnea ma} occur during exerase and that it is more apt to 
occur under certam pathological conditions are commonplace observa- 
tions, 3"et the phj siological mechanisms mvoh^ed are m part obscure 
The effects of exerase hav^'e been studied mainly on normal individuals 
and relatively few observ^ations hav^'e been made on patients or on 
normal persons who hav’^e been subjected to abnormal conditions 
Pathological conditions may alter the response to exercise m vanous 
wa^^s Thus a given exercise may cause an excessive rise m the meta- 
bobc rate, or a given rise m the metabohc rate may be accompamed by 
an excessive stimulation of the respiratory center, whether through 
nervous influences, oxygen want, excess carbon dioxid, the formation 
of non-volatile aads or other factors Furthermore pathological 
conditions may reduce the capaaty of the external respiratory organs 
to meet the demands made upon them dunng exercise From one 
or more of these causes, the mdividual finds it imusually difficult to cope 
with the respiratory stram imposed by the exerase The resultmg 
respiratory effort constitutes what we know as dyspnea 

Dyspnea may result when the passage of air through the larger air 
passages is obstructed, as occurs m stenosis of the laiynx and trachea 
The effect of such stenoses upon the respiration can be studied expen- 
mentaUy m man by havmg a normal subject breath through a tube 
that has been artifiaally narrowed to any desired extent. 

"EJsmg such a method, Morawitz and Siebeck (1) found that the 
respirations altered immediately after the obstruction had been mtro- 
duced and before there had been time for any change to occur m the 
composition of the alveolar air or of the blood Unless the obstruc- 
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adjusted that the bod\ weight of the subject sufficed to keep the steps 
mo\ing at a rate of SO per minute, as timed by a metronome The 
subject (A \V H ) breathed through a rubber mouth piece, the nose 
bemg closed wrth a clip By means of flutter valves, the expired air 
was collected cither in the recording spirometer descnbedbySlonaker 
(3), or in a senes of Douglas bags, the latter bemg used for gas analysis 
Artifiaal stenosis was produced b} introducmg a bored cork into the 
rubber mouth piece Two corks were used for this purpose The 
larger bore, 8 mm m diameter and 27 mm long, caused only a shght 
sensation of obstruction during qmet breathmg andftooderate dis- 
comfort during the exerase The smaller bore, 6 mm m diameter and 
25 mm long, produced some discomfort durmg rest and progressiv’-e 
embarrassment dunng the exerase With this degree of stenosis 
exerase could be contmued only sbghtly be>ond two mmutes when 
air was breathed Ev^en the ascent of 100 steps, the standard used 
for recov erv cun es, caused marked respirator}’’ distress 

Before the exercise a record of the respirator}’’ v’’olume or of the re- 
spiratory mterchange of gases was obtamed wnth the subject either 
sittmg or standmg No effort was made to obtam basal figures for 
the position assumed ather by a prolonged prelimmary rest penod 
or by omittmg breakfast The exercise consisted m ascending the 
treadmill at a uniform rate of 80 steps per min ute Recov^ery records 
were obtamed wnth the subject sittmg or standmg, after havong 
climbed 100 steps In other experiments the respiratory changes 
were studied durmg the exerase itself Particular attention was 
paid to the imtial 100 steps and to the later penod, when after three 
or four mmutes of contmued exercise, the conditions were approxi- 
mately stationary. 

The external work performed per min ute consisted m hftmg the 
body weight eighty 7-mch steps With a body weight of 157§ poimds, 
this would be eqmvalent to 1016 kilogrammeters of work per minute 
The minute utilization of oxygen after four or more mmutes of exer- 
cise approximated 2000 cc If we subtract a restmg ox}’’gen con- 
sumption of 315 cc , there was left an excess consumption of 1685 
cc per mi nute which was equwalent to 8 194 calones, if a respiratory 
quotient of 0 85 be assumed The heat eqmv’’alent of the external 
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tion was marked enough to cause a feeling of distress, no increase m 
the alveolar tension of carbon dioxid could be demonstrated, and m 
no case was the oxygen content of the blood altered Immediately 
after introducing the obstruction, the respirations became slower and 
deeper, the midvolume of the lung became greater, and the dead 
space was increased With milder degrees of stenosis, these changes 
disappeared immediately after tlie obstruction was removed The 
prompt appearance and disappearance of these changes, together with 
the absence of demonstrable alterations in the composition of the 
alveolar air indicated that they’’ were caused by changes m the nervous 
rather than the chemical control of respiration If the stenosis was 
more marked and subjective feelings of distress were experienced, 
an mcreased carbon dioxid tension in the alveoli was found Under 
such circumstances a chemical stimulation of the respiratory center 
contnbuted to the production of the altered respiration Haldane 
(2), who also studied the effect of artificial stenosis upon the respira- 
tory mechamsm, found that the slowmg of respiration preceded the 
increased depth of the mdmdual respirations He attnbuted the 
slowmg to nervous influences In accordance "with the Heiing-Breuer 
theory of nerv’^ous control, the respirations became slower, because, 
owing to the stenosis, it took longer for the lungs to reach a given posi- 
tion of in- or expiration This slowing decreased the mmute ventila- 
tion, carbon dioxid accumulated and stimulation of the respiratory 
center deepened the respirations Thus accordmg to Haldane the 
slow and deep respirations, charactenstic of stenosis, depend m part 
upon nerve reflexes, in part upon carbon dioxid retention Haldane 
found furthermore that very marked obstructions or moderate obstruc- 
tions, when combined with muscular exercise, led to oxygen want and 
that when this occurred a more rapid and more shallow type of breath- 
mg appeared 

In the present study the effects of stenosis upon the volume of pul- 
monary ventilation dunng and after exerase were studied Changes 
m the composition of the respued au were also mvestigated 

METHOD OE STUDY 

In order to msure a umform amount of exerase a treadmill was 
used, the steps bemg 7 mches high On this treadmiU a brake was so 
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and a more gradual increase dunng the succeeding minute or two (table 
2, fig 1) Thereafter the \olume of respired air remamed approsi- 
matelj constant or increased \ cry slowly The nse m \ olume of \ en- 
tilation obser\ed at the onset occurred so promptly that it must be 
attnbuted m part to ner\ous influences, the gradual mcrease during 
the subsequent two mmutes was due to an adjustment to the new 
metabohe conditions, while the final constant or nearly constant 

TABLE 2 

Efcd of oistruciton upon mr ilc xohiyrc of palrronary x^lila*ton during exercise at SO 

steps per V irute, 

Volumes are cipressed m Lters and arc not corrected for temperature or pressure. 



No Obstruction 

8 rauL 
Obstruction 

6 ranu 
Obitmction 

Jsanber of cxpcrlmcGts avenged 

t 

3 

3 

RaUng rates 

9 1 

99 

9 1 


20 3 

19 6 

15 8 


22 4 

20 9 

16 0 


26 5 

22 6 

19 4 


29 3 

27 9 

21 3 


32 2 

29 2 

24 0 

himute volume m hters during e.vercisc for 

36 1 

33 0 

25 7 

successive 10 second periods after the start,^ 

39 0 

33 4 

i 

28 3 


41 0 

37 5 

28 0 


45 6 

38 9 

27 5 


47 5 

41 5 

. 28 3 


50 8 

42 5 

28 0 

Minute \ olume after three mmutes exercise 

52 6 

43 7 


Number of experiments a\ eraged 

5 

4 ] 



The dcnnse consisted of ascendmg steps at 80 steps per mmute. 


minute volxime mdicated either that a steady state had been estab- 
hshed or that the maximum volume of ventilation had been reached 
At each stage, the effect of obstruction m lessenmg the volume of 
respired air vras evident In the case of the 8 mm bore, the primary 
nse was only shghtly less than without obstruction but the difference 
between the two gradually mcreased The steady state eventually 
estabhshed showed a imnute volume of approximately 44 hters, while 
without obstruction it was 53 hters With the 6 mm bore, the pn- 
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work performed was 2 380 calories and the net mechamcal efficiency 
was 29 0 per cent ^ 

EFEECT or STENOSIS UNDER RESTING CONDITIONS 

The 8 mm bore, which produced hardly any sensation of obstruc- 
tion during rest, did not delimtely influence the respiratory rate, 
tlie mmute volume or the composition of the expired air The 6 mm 
bore mvanably slowed the respiratory rate (table 1) The average 
minute volume of air breathed was lessened in one senes of experiments 
(table 5) but umnfluenced in the other (table 4) 

TABLE 1 


Effccl of stenosis on respiratory rates 



No obstruction 

8 mm 

bore 

6 mm. bore 

Restmg 

First minute of exercise 

Second minute of exercise 

Continued exercise 

^er minute 

16 5 [10] 

27 6 [9] 

28 3 [9] 

27 8 [5] 

per minute 

17 1 [8] 

21 0 [4] 

20 6 [4] 

20 5 [2] 

ptr minute 

13 6 [6] 

16 7 [5] 

17 7 [4] 


The imbracketed figures represent respiratory rates per nunute The bracketed 
figures give the number of obser\’’ation5 averaged 


EFFECT OF STENOSIS DURING EXERCISE 

Obstruction umformly slowed the respiratory rates durmg exercise 
(table 1) Rates charactenstic of the degree of obstruction appeared 
with the first few steps of exerase and remained practically constant 
thereafter Changes m volume of respiration subsequent to the first 
few seconds of exercise were therefore due almost entirely to changes 
m the size of the mdividual respirations The volume of respiration 
was mvanably reduced by the 6 mm bore and to a lesser extent by 
the 8 mm bore In all records the spirometer showed an abrupt 
mcrease m respiratory volume durmg the first ten seconds of exercise 

* If the resting oxygen utdization were 270 cc — a level reached by this subject 
in other experiments after a longer rest period — and if a respiratory quotient for 
the excess metabohsm due to exercise were 1 00, then the heat equivalent ^ 
excess oxygen used would be 8 731 calories and the net mechanical efficiency 2 
per cent 
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more pronounced ■mth the marked obstruction These obstructions 
therefore led to a retention of carbon dioxid m the body during the 
earlier penod of exercise With the 8 mm bore the exerase could be 
contmued imtil a stead}’ state was attained At this later stage of 

TABLE 4 

Surrrrary of table 3 lUspiratory vitcrchange during ard after cxerase, results grer as 

average mrute volurre 

1 Subject standing at resL 

2 Dunng first continuous 100 steps 

3 During first two minutes rest after 100 steps 

4 Dunng second two mmutes rest after 100 steps 

5 Mmutc \olunnc dunng fourth minute or later of contmuous tierase. 



l 

2 

1 3 

1 

4 

5 

Minute \olumc imcorrccted for temperature or pressure 


1 liUrs 


ItUrs 

1 lUcrs 1 

I /* 'TJ 

No obstruction j 

9 21 

33 62 

22 45 



8 mm bore 

9 66 

27 46 

22 92 



6 miru bore 

9 58 

23 05 




6 mm bore, breathmg 36 per cent 0 | 


16 86 



28 33 

CO elimination 


cc per 

cc per 

cc per 

cc per 

cc per 


mtruU 

ritnaU 

mnule 

irtntlc 

mtBsic 

No obstruction 

258 

1,047 

732 

307 

1,759 

8 mm. bore 

274 

970 , 

750 

269 

1,763 

6 mm bore 

278 

777 

836 

331 


6 mm. bore, breathmg 36 per cent 0 


685 



1,506 


Oi absorption 



cc per 

cc per 

cc per 

cc per 

cc, per 


sntnuU 

VZlttUtC 

trtratlc 

vinstc 

vttict 

No obstruction 

320 

1,377 

786 

331 

1,987 

8 mm. bore 

335 

1,340 

808 

301 

2,010 

6 mm. bore 

339 

1,198 

969 

333 



exercise the carbon dioxid elirmnated was equal to that eliminated 
without obstruction The restneted volume of ventilation was com- 
pensated by a higher percentage of carbon dioxid m the expired air 
From this we may infer that the tension of this gas was mcreased both 
m the alveoh and m the blood, an inference supported by the reten- 
tion of carbon dioxide that had occurred dunng the early stage of 
exercise 
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mary rise m minute volume was distinctly less, and with the second 
minute of exercise a maximum minute volume of less than 30 liters 
was attained Tins was evidently insufficient for the establishment of 
a stead}’’ state, for increasing distress terminated the exercise at about 
the end of the second minute 

The effect of restricted pulmonary ventilation upon the respiratory 


EFFECT OF STENOSIS UPON PULMONARY VENTILATION 
DURING EXERCISE 


MINUTE 

VOLUME 

SO 

40 

30 

20 

10 



o- 


NO STEM 

EI8IG 



/ 


8MM STE^ 

OSfS 

G 


u 

// 

/ 





o’ j 

ff/ 

/V'/ 

1 

I 

\ 

1 

• 


6MM STEf 

OSIS 

t 

r 











AT C 

\ 1 

n 

3 4 


REST DURATION OF EXERCISE IN MINUTES 

Fig I Eitect of Stenosis upon Minute Volume of Respiration during 

Exercise 

Constructed from table 2 

mterchange of gases was studied during the first mmute and a quarter 
of exercise (100 steps) and dunng the steady state attained after 
several imnutes of continued exercise (table 4) Dunng the first 
mmute and a quarter of exercise, the lessened volume of ventil^on 
caused by stenosis was accompamed by a correspondmg relative re uc 
tion m the amount of carbon dioxid eliminated, tbis effect being muc 
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Fig 2 Effect of Stenosis upon Respiratory Exchange during and 
AFTER ClUCBING 100 StERS 

Constructed from table 4 ^Imute \oliimes of respiration, carbon dionde 
output and 0x3 gen absorption during, (1) rest standmg, (2) exercise (lOO steps), 
(3) first two minutes after exercise, and (4) second two minutes after exercise 
o « no obstrucbon 
X ■= 8 mm obstrucbon 
0=6 mm obstrucbon 

table 5 

SurrrrQT^^ of minuic volumes of respiration during successive minutes of rest after climbing 


100 steps at a rate of 80 steps per minute 



Nambcr of 
obs€rvatioin 
averaged 

ReaUn? 

imfTtite 

\*olaxae 

- 

First 

iliont 

Second 

rs after cicrcise 

Tlnrd j Fourth 

Hfth 

No obstruction 

10 

8 5 

21 9 

19 


9 5 

9 0 

8 mm bore 

8 

8 7 1 

26 3 

19 


9 6 

9 6 

6 mim bore 

7 

7 7 

24 9 1 

19 


8 8 

8 8 
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The amount of o\ygen absorbed was not appreciably influenced by 
tlie S mm bore either during the flrst minute and a quarter of exerase 
or during tlie later steady period To compensate for the lessened 
volume of ventilation a higher percentage of oxygen was removed from 
the respired air, but there was no reason to assume that this obstruc- 
tion caused any oxygen want m the body The subjective discom- 
fort which led to increased respiratory effort, was caused solely by 
the increased tension of carbon dioxide - 
Dunng the first mmute and a quarter of exercise with the 6 mm 
bore, the amount of ox^^gen absorbed was defimtely less than when no 
obstruction vas used, the difference averaging 179 cc per mmute 
in the two experiments performed (table 4) The rapidly growmg 
distress which termmated the exercise at about the end of the 
second minute of exerase must therefore be attnbuted m part to 
oxygen want and m part to an accumulation of carbon dioxide m the 
body When a mixture contairung about 36 per cent oxygen was 
breathed the respiratory distress dunng exercise with the 6 mm bore 
was distmctly less and the stair climbmg could be contmued for about 
four minutes mstead of two The volume of puimonaiy ventilation 
dunng the first 100 steps was less than when air was breathed (table 
4), presumably because with less distress less effort was made to 
ventilate the lungs Dunng this penod less carbon dioxid was elimi- 
nated Even in the fourth minute of exercise when the percentage of 
carbon dioxad m the expired air had nsen markedly, the total elimina- 
tion was distmctly short of that put out dunng contmuous exerase 
with xmobstructed breathmg Under these conditions, i e , breathing 
an oxygen-nch mixture through the 6 mm bore, an accumulation of 
carbon dioxid m the body was the probable cause of the final termma- 
tion of exerase 

EFFECT OF STENOSIS UPON RECOVERY FROM EXERCISE 

Recovery records were obtamed for the four or five minutes foUow- 
mg t alcin g 100 steps These showed m every mstance that the mam 
portion of recovery was very rapid (fig 2) The final stage of recov- 

* In unpublished expenments by Barnett, Lewis and Hewlett no increase of 
lactic acid in the unne was found, even after two minutes exercise with the more 
marked obstruction 
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tilation was insuffiaent for the establishment of a steady state With 
the larger bore a steady state could be estabhshed ^vith a minute 
\olume of approximately 44 liters, m contrast wnth the mmute volume 
of approximately 53 hters when breathmg was not obstructed 

4 ^^^len breathing was obstructed, more carbon dioxid was 
retamed dunng the early stage of the exercise With the 8 mm bore, 
when a steady state was later established, the mmute output of car- 
bon dioxid was the same as with imobstructed breathmg owing to the 
higher concentration of this gas in the expired air 

5 With the S mm bore oxy gen absorption was almost unaffected- 
With the 6 mm bore oxy’^gen absorption durmg the first minute and a 
quarter was defimtely lessened and lack of oxy’^gen contnbuted to the 
early’’ discontmuance of the exercise If a nuxture nch m oxygen were 
breathed, the early’’ distress was less marked and exercise could be 
contmued longer Eventually however it was discontmued, presum- 
ably’’ because, despite a high concentration of carbon dioxid m the 
expired air, the necessary amoimt of this gas was not eliminated 
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cry could not be accurately studied in our experiments because the 
resting periods whicli miglit have served as a basis for comparison 
had not been obtained after a suflicicnt preliminary rest penod After 
this short and moderate exercise, recover}'’ was almost completed dur- 
ing two minutes of rest At the end of this time the oxygen con- 
sumption had returned to the previous resting level, the carbon dioxid 
output had approached or equalled this level and only the ventilation 
remained somewhat greater than before the exercise began Durmg 
the first two minutes of recovery the excess carbon dioxid retained and 
m the case of the 6 mm bore the excess oxygen want developed as a 
result of obstruction had already been practically equalized The 
respiratory volumes dunng the first two minutes of recovery were 
shghtly greater as a result of the obstructions but the differences were 
not large, that for the 8 mm bore being if anythmg shghtly greater 
than that for the 6 mm bore These recovery curves of ventila- 
tion gave no indication of the distress expenenced during exerase 
This point is of interest mainly because in certain other forms of 
exerase dyspnea the volume of ventilation durmg recovery is mate- 
nally greater than when the exercise is accomphshed without respira- 
tory effort Hunt and Dufton (4) have mdeed proposed a niunencal 
measure of dyspnea based on the mcrease of pulmonary ventilation 
during recovery from measured exercise It is e'vudent however that 
such a measure could not be apphed to the dyspnea provoked by 
obstruction 


SUMMARY AND CONCLUSIONS 

1 Artifiaal obstruction to respiration was produced by breathing 
through bored corks, the bores bemg 8 mm and 6 mm m diameter 

2 Under resting conditions the 8 mm bore produced but httle sub- 
jective and no demonstrable objective effects The 6 mm bore caused 
sli ght subjective discomfort, and mvanably slowed the respiratory 
rate In one senes of experiments it lessened the average rmnute 
volume of respired air 

3 Durmg exercise both bores reduced the respiratory rate an 
lessened the minute volume of respired air With the smaller bore 
a maximum mmute volume of approximately 30 hters was attaine , 
but the rapidly mcreasmg distress indicated that this amount of ven- 
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TABLE 3 — Ccruirufi 


Oxygen ahsorpUon 
No obstruction 


Dale 

1 

2 

3 

4 

5 


ex ftr 
rtimU 

frrem. 

cc 

ftr cml 

cc 

i^crcfrtl 

cc 

\PtrccrJ 

cc. 

\PcrcerJ 

4/ 1/24 

322 

\ 3 SO 

1,732 

4 5S 

1,617 

4 06 

611 

\ 2 86 


i 

4/ 9/24 

33S 

1 4 00 

1,712 

4 47 

1,526 

3 6S 

698 

3 27 



4/14/24 

305 

3 86 


1 





2,048 

4 04 

4/15/24 

315 

1 3 72 






1 

1,927 

4 03 




8 

mm obstruction 





4/ 3/24 

360 

4 05 

1,709 

5 59 

1,599 

3 89 

6i0 

3 25 ' 

1 

1 

4/18/24 

330 

3 56 







2,020 

5 24 

4/21/24 

331 

3 73 







1,999 


4/22/24 

319 

3i)l 

1,642 

5 16 

1,631 

3 86 

565 

3 04 


j 5 27 


6 mm. obstruction 


















TABLE 3 


Ej^cct of sfatosts on respiratory cxcl an£c during and after exercise 
Penod 1 Minute \ olumc, subject standing at rest 
Period 2 During first I J minutes of exercise (100 steps) 

Penod 3 Dunng first t^^o minutes of rest after climbing 100 steps 
Period 4 During second two minutes of rest after climbing 100 steps 
Penod 5 Minute \olumc dunng fourtli minute or later of continuous exercise 
Volume of ventilation uncorrcctcd for temperature or pressure 
No obstruction 


Date 

1 

2 

3 

4 

s 


titers per mwutc 

liters 

UUrs 

liters 

Utm 

4/ 1/24 

9 42 

42 05 

44 31 

24 39 


4/ 9/24 

9 27 


45 48 

23 42 


4/14/24 

8 99 




55 02 

4/15/24 

9 18 

1 




51 89 

8 mm obstruction 

4/ 3/24 

9 80 

33 7 

45 3 

21 7 

HI 

4/18/24 

10 08 




4/21/24 

9 78 





4/22/24 

8 97 

34 96 

46 4 

20 42 

■■ 


6 mm obstruction 


4/ 4/24 

9 77 

27 5 

45 6 

23 6 


A:l22,l2i 

9 39 

30 12 

45 92 

24 05 



Carbon dtoxidc elimination 
No obstruction 


Date 

! 1 

1 

2 

1 

3 

4 

5 

4/ 1/24 

4/ 9/24 
4/14/24 
4/15/24 

CC ptf 
minute 

265 

273 

238 

255 

percent 

3 13 

3 23 

2 87 

3 02 


per cent 

3 44 

3 44 

« 

1,486 

1,440 

per cent 

3 73 

3 48 

1 CC 

651 

577 

per cent 

2 97 

2 70 

CC. 

1,840 

1,678 

percent 

3 63 

3 51 


8 rnm obstruction 


4/ 3/24 
4/18/24 
4/21/24 
4/22/24 

287 

277 

273 

258 

3 23 

2 99 

3 08 

3 16 

1,202 

1,222 

3 93 

3 84 

1,488 

l,512l 
’ 1 

3 62 

3 58 

561 

515 

2 85 

2 77 

1,785 

1,741 

4 63 
4 59 

6 mm obstruction 

4/ 4/24 

286 

3 19 

887 

3 52 

BBSp I 

4 12 

694 

3 21 



4/23/24 ; 

270 

3 17 

1,055 

3 86 

BE! 

■ 3 89 

631 

2 89 
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THE AIECHANISM OF EE\TH FROIvI QUINEDINE AND 
A METHOD OF RESUSCITATION, .AN 
EXPERIMENTAL STUDY 

B\ BURGESS GORDON', ^L\RCEL AUTTON' \\d S A LEATNE 

{From the MedteeJ CUn c oj tl e Peter Bnt Bn^ham Hospital and the Departrrent oj 
Med cine oJ the Harvard Medical Sdcol) 

(Rccci\cd for publication April 7, 1925) 


I^TRODUCnO^' 


Fatalities ha\e occurred not mfrequentl}" during the clinical ad- 
ministration of quinidine m patients suffering from heart disease 
At first particular emphasis was attached to the r61e that embohe 
phenomena played m producing unexpected deaths (1, 2, 3) Later 
it was found that durmg quimdme administration occasionally there 
de\ eloped increased imtabflity of the ventncles, as evidenced by the 
appearance of extraventncular systoles and ventncular tachycardia 
(4, 5) It was thought, thereforcj that \entncular fibrillation, the 
most extreme type of ventncular imtabihty, might explam some 
sudden deaths following quimdme 
It soon became apparent that neither of these explanations could 
account for a further group of such fatahties This latter feature was 
particularly impressed upon us m our clmical expenence for, m the 
three fatalities that occurred m the wards of the Peter Bent Bngham 
Hospital followmg quimdme therapy, post-mortem examination 
failed to show an}’’ evidence of emboh, and m one of the cases death 
was not instantaneous In this patient, a peculiar toxic state re- 
sulted, somewhat resembimg shock, or at least givmg the appearance 
of imusual respiratory distress for some hours before the fatal termi- 
nation We found that similar cases have been reported by others 
(6, 7), m which this pecuhar toxic state occurred Von Frey (8) m 
1918 reported two patients who received 0 2 gram of qumidme five 
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E\PEPnrENT'AL TECHNIQUE 

SixU adult male cats were used in these expenments Thc> were etherized, 
placed on an animal board, and held in the dorsal position The femoral artcr> 
and a cm were exposed and 0 1 gram of hepann (15) diisohed m 2 cc. of ph>'sia- 
logical salt solution was mjccted mtra\cnousl> \ cannula was inserted m the 
left femoral alters and was connected with a manometer apparatus b> means of 
a short piece of rubber tubmg The tubmg contained 30 cc of a 3 per cent 
acacia solution and 10 mgm of hepann under slight pressure Stopcocks which 
separated the manometer and the cannula from the blood stream of the animal 
were then opened and a graphic record of the artenal pressure was traced on a 
smoked drum A pneumograph was placed around the animal's chest and con- 
nected with a tambour apparatus, a marking signal and Ummg de\nce were also 
m contact with the k>Tnograph “UTien mtratracheal artificial respiration was to 
be given, the trachea was exposed and opened, b> means of a V-shaped inosion 
A T-shaped cannula was then inserted mto the trachea and connected with a com- 
pressed air apparatus The amount of air was regulated b> opening and dosing 
one end of the cannula at a rate to correspond with normal breathing In taking 
the dectrocardiograms, the hair on the two front legs and the left hind leg was 
dipped and contacts were made b) means of gauze strips soaked m salt solution 
They were connected with the apparatus m the usual manner A 5 per cent 
solution of quinidine bisulphatc (manufactured b> Howards and Sons, Ilford, 
England) was freshl> made for each experiment The \anous doses of qumidine 
were injected with a tubercuhn s>Tinge into the nght femoral \em For the 
Roentgenograms, the same animal board and technique as emplo>ed m a previous 
stud> (16) were used, except that m this experiment the current was of 30 mflli-^ 
amperes and the exposure for 2 seconds It consisted of making rapid exposures 
of the heart without disturbmg the position of the ammak In determinmg 
changes in heart size, tracings on smooth white paper were made from the heart 
shadow, sflhouettes were then cut out and weighed m milhgrams 

LETHAL EXPERIMENTS 

A senes of lethal expemnents was earned on m animals of known 
weight They mdicated, first of all, that there was some relation 
between the weight of the animal and the size of the dose We tned 
to detemune whether there was any relation between the speed of 
administration and the minimal lethal dose, as Cohn and Le\y (17) 
have pomted out that the “greater the fractionation of the dosage, 
the greater was the amoimt of drug necessary to cause death.” We, 
likewise, found that the animal could tolerate a much greater amoimt 
of the drug when it was divided over a penod of tune extendmg from 
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times a clay Throe hours .iftcr the last dose lie found that they 
presented a picture of cerebral paralysis The patients had a sense 
of dizziness and increasing armth, after which they suddenly fainted 
They grew pale and the respirations became slower and stopped 
After a short tunc the pulse could not be felt The patients recovered 
after artificial respiration was given, and the recovery was accom- 
panied b}’’ a stronger heart action He gave epmephnn solution and 
thought It had a favorable effect He also used caffem and camphor, 
but mthout result As one patient was recovering from the famting 
attack following the period of apnea, he noticed some evidence of 
motor excitability, with hallucinations and grimaces of the face 
In the second case, while tlie patient remained unconscious for several 
hours, on three occasions her condition became worse, this being 
characterized at first by a standstill of the respiration Von Frey 
concluded m these cases that there was no evidence of a paralyzing 
effect of quimdine on the heart muscle, but rather that the results 
pomted to a central action, the effect being at first on the respiratory 
center Cordier (9) in 1923 reported his observations on a case of 
qumidine poisomng This patient, a woman of fifty, suffermg from 
heart disease, was receivmg by mouth 0 2 gram of powdered quimdine 
a day She became mdisposed and he noticed that she was breathing 
with difficulty, developed apnea and finally fainted This occurred 
three times m the same night He observed no changes m the pulse 
except a shght acceleration and weakness at the end of the crisis 
Long penods of apnea were noted by Neuhof (10), and Reid (11) 
found evidences of respiratory failure followmg the admmistration 
of q uim dine m human cases Wiechman (12) observed that in cases 
of q uim dine poisomng there was chmcal evidence of damage to tlie 
respiratory center This, however, was accompamed by marked 
changes m the circulation Vasquez and Leconte (13) and Korns 
(14) did not believe that qumidine ever really caused death Exitus, 
they thought, was due to some underlying heart condition T is 
brief review mdicates that there is considerable confusion as to 
whether the heart or the respiratory system is the one that becom^ 
intoxicated primarily It was with the purpose of studymg t e 
mechanism of death and thereby obtainmg mformation as to whet^ er 
we had any means of preventing such catastrophes that the following 
mvestigation was undertaken 
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OnSER\ATIO\S OS TirE BLOOD PRESSURE 

As Cohn and Lev} (17) and other \\orkcrs ha\e observed there 
was a constant sudden drop of the blood pressure followan;^ the first 
injection ot quinidme This was not alwa\s related to the size of 
the dose W c found that the de^rree of this lall ^a^ed between forty 
and eight} Tnilhmctcrs of mercur} or more There occurred quickly 
a gradual although incomplete return to the normal Ie^eI There 
was a tendcnc} of the blood pressure to remain low for a longer time 
when the dose was large the return also being less complete The 
a\erage time between the first drop in the pressure and the return to 
the next highest Ic\el was from fi\e to ten minutes The drops 
following successn e injections grew less in extent than those following 
the prcMous ones, and the reco\er\ of the pressure was also less 
marked, so that in stud\'ing a long chart there was a stairlike effect 
on the pressure curve, which remamed for some time at a le\el of 
about 30 to 40 mgm of mercur} if no lurther injections were gi\en 
(fig 1) 

The question arose as to whether the fall m the pressure was due 
to an action on the heart muscle itself or whether it was due to a 
penpheral \ascular dilatation 'With this in mind, experiments were 
performed m which the abdominal aorta was compressed Refemng 
to figure 2 it will be seen that after obtaimng a record of the normal 
pressure, compression of the abdommal aorta ele\ated the carotid 
artenal pressure 75 mm of mercurj abo^ e the normal level WTuIe 
the aortic pressure was being maintained an mtravenous mjection of 
quinidme produced a fall of about 40 mm , w hich Ie\ el was ne\ ertheless 
25 mm higher than the normal readings before compression of the 
aorta WTien the abdominal aorta w as released there was an imme- 
diate fall in pressure to a lex el that would have corresponded to that 
obtained from the qumidine if no aortic compression had been em- 
ployed Se\eral minutes later when the blood pressure had returned 
to Its highest le\e], the aorta was agam compressed with a similar 
nse of about 80 mm , bnngmg the reading to 155 mm , nearly as high 
as the le\ el reached after the first mjection From this point a second 
mjection of qmmdme agam produced a fall of about 30 mm , and when 
the aorta was released a drop occurred which corresponded to about 
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half an hour to two or more liours tlmn if larger individual doses 
were given more rapidly As a result of numerous experiments it 
was found that 2S to 30 mgm per kilogram were fatal when given 
in one dose The total minimal lethal dose, however, if 15 mgm 
were given every six minutes, was 45 mgm per kilogram It was 
possible by giving still smaller divided doses over a penod of two 
hours to administer 100 mgm per kilogram before the lethal effect 
was obtained Tlus total dose v/as four times as great as the mmimal 
lethal amount when one single dose was given Although the above 
figures hold m a general way, there were appreciable vanations m 
some expermients A striking thing about these anunals was that 
practically no etlier was required after the first injection, as the 
qmmdine seemed to be sufficient to produce a state of narcosis 

NON-LETHAL EVPERIMENTS 

In this senes of expenments a small single dose was given m order 
to determine the margin of safety for admimstration A smgle dose 
of 20 mgm per kilogram caused no appreaable change in the respira- 
tion except occasionally a slight slowing On the other hand, when 
a dose of 25 mgm per kilogram was given, wluch was in the vicmity 
of the lethal dose, there was frequently a bnef cessation of the respira- 
tion, followed by a slow rate and a gradual return to normal In 
about one half of the mstances the dose was fatal In other experi- 
ments a total of 76 mgm per kilogram admimstered m divided doses 
over a penod of two hours was not fatal, but caused some slowing 
of the respiration and a moderate narcosis 

These results stand out in marked contrast to those obtamed when 
digitalis is given, for here the speed of admimstration does not alter 
the mimmal lethal dose (18) Some of the animals were returned to 
the cages, where they completely recovered The others were used 
for different purposes In several it was foimd that, following in- 
jections of qmmdine, apparent recovery of the animal took place 
within a few hours and complete recovery m twenty-four hours, m 
the sense that similar repeated mjections could be given mtbout 
any evidence of an accumulative action of the previous administration 
This corresponds qmte weU to the observations made by Lewis (1 9) 
who found that quirudme was completely excreted m approximately 
one day 
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the pre\aous low lc\ el This cxpenment is not cntical m differentiat- 
ing the effect of quinidine on the \ essels from the direct action on the 
heart muscle But the fact that quxnidine produced only a partial 
fall of pressure while the abdominal aorta was completely compressed 
indicates that the action of the drug, at least m a great measure, is on 
the abdominal or penpheral ^ essels Definite e\’idence for an addi- 
tional effect on the heart muscle was obtamed from a different angle 



Fig 2 Cat 29 eight, 3 9 KGiL Blood Peessche Recobd 

Vote increase in pressure following compression of the abdommal aorta and 
partial fall as a result of quimdme, with further fall after release of aortic com- 
pression 

m that the changes seen m the electrocardiograms (see below) were 
of a type that is foimd only when the heart muscle is undergomg 
senous damage 


OBSERVATIOVS OX THE RESPIRATTOX 

\ on Frey and Haegeman (20), workmg on rabbits obser\ed that 
quimdme had at first a paral} zmg effect on the heart muscle and only 
later affected the respirations On the other hand, m this mvestiga- 
tion we found that a smgle dose of 30 mgm per kilogram or more 
caused the respiration to become irregular, then it grew slow and 
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Fig 3\ Cat 31 \\ eight, 5 kgm Upper Tracing Indicates Respirations, 

Lowxr Blood Pressltie 

Note sudden marked drop m pressure follow mg qumidme with cessation of 
respiraDon Three penods of aitifiaal respiration failed to institute spontaneous 
breathing After caheme was gi\ en normal breathmg returned 

Fig 3B Betwxen A and B Sl’epicient: Qltstdene Was Gr’en to Ppodcce 
Cessation of Breathing 

Note that caffeme alone produced return of normal respiration although blood 
pressure remamed low 
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been given, it vns not uncommon for the cat to develop short penods 
of convulsions At this stage frequently there vas also a In id appear- 
ance of the lips and from tune to time the cat tossed his head from 
side to side and threw his legs about limply In some cats there 
was a relaxation of the sphincters The asthenic appearance of the 
animals closely resembled the appearance of intoxication that one of 
our patients who died following the oral administration of small doses 
of quinidme presented during the last few' hours of life 

MEANS or FESUSCIT \TING THE XNIJLAL 

At the beginning of this study it was our impression that the cats 
were dying a cardiac or circulatory death In some expenments 
heart drugs such as ouabame, strophanthin, and digitalis w'^ere given 
intravenously when s}TTiptoms of catastrophe appeared We also 
used the drugs before starting tdie injection of quinidme with an idea 
of preventing the deleterious eftect on the heart and the circulation 
The harmful effects of qumdine w'ere neither prevented nor removed by 
the use of these drugs Von Frey and Haegeman (20) made the same 
obsenmtions Suspecting that the failure might be due to vasoddita- 
tion, causing a low blood pressure so that the ^^tal centers failed to 
receive a sufficient blood supply, wm placed the ammal head down, 
but observed no changes in the respirations (fig 4) It quickly 
occurred to us that tlie respiratory mechanism wms affected, at least 
in a measure, independently of the circulation Although the lower 
state of blood pressure could account for a part of the respiratoiy 
distress, it seemed unlikely that it played an important role, for it 
has been observed frequently in these expenments that cats were 
breathing normally with extremely low blood pressures (fig i, Sec- 
tion E) As It was felt that caffein has a stunulatmg effect on the 
respiration (21), we thought that it might be of value if the phenom- 
enon were respiratory collapse Thus in a group of animals we 
gave a moderately large dose of quimdme, a dose sufficient to produce 
respiratory embarrassment At the point when the cat was breathing 
poorly, and just about the time a standstill m the respiration seeme 
to be imminent, an injection of caffein sodium benzoate was giv^ 
(about 5 mgm per kilogram) In most instances the normal breat 
mg returned (fig 4) Other cats received sufficiently large doses 



Inf&rva/'S of / 


B GORDON, M MATTON \ND S A LEMXE 


507 



Fir 1 Cat 5S \Vi icht, 2 ^ kcm Towtu liwVCiNC Snows Kf^^imuations 

Note ccHsation of 1)^11(11111;; for about two inimitcs following qiniiKlinc, despite lowering of bead Arlilicml resjiintion ind 
caffeine causctl return of nomial respirationa 1 urge swings at end of tracing are due to vigorous niovenients of animal 
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of quinidine to produce complete respirator} failure One minute 
after breathing had stopjied, an intra\cnous injection of caftein was 
made In about one half of this senes after a few slo^^ and deep 
breaths, the normal breathing returned (fig 4) 

To determine ^\hether it ^\as possible to prevent untovard symp- 
toms following the administration of dangerous doses of quinidme, 
the following experiment was done The animal w'as given as a 
control 25 mgm of quinidme per kilogram The respiration was 
very definitely affected The rate w as slow and the breathing shallow, 
but the animal recovered The next day caffein wms given first and 
folloAved by the same dose of quinidme, without noticeable change 
in the respiration One day later the same animal w'as given 30 
mgm of quinidme and the respiration stopped, caffein (5 mgm per 
kilogram) wms given intra\ enousl} The respirator}'’ rate returned 
to normal and the animal recovered These experiments w'ere re- 
peated on the same cat and similar results w'ere obtained The 
above experiments indicate a definite beneficial effect of caffein on 
the untow'ard depression of the respirator}^ mechanism following 
quinidme 

The possibility of saving all cats, either from a large single lethal 
dose of qmnidme or from repeated small doses of such amounts as 
were usually lethal, W'as then considered ^Vhen the cats stopped 
breathmg, artificial respiration by means of chest massage w'as given 
This procedure failed completely if ^ngo^ous or rapid mampulations 
were used in carrying out the massage On the contrary, it was 
quite dependable in cats not hopelessly intoxicated by quinidme 
when the respiratory movements were made in a slow careful manner 
to correspond to the normal rate of the respiration It was felt, 
however, that with more complete ventilation of the lungs, it might 
be possible to save the animals more readdy Therefore, intra- 
tracheal artificial respiration as described above was undertaken 
This method seemed to be far more efficient Cats given fatal 
amounts of qumidme either m a single massive dose or in small 
repeated doses which were sufficient to produce cessation of the 
respiration for as long as two minutes, were saved by this procedure 
Some cats m which automatic breathmg had stopped w'ere given 
artificial respiration for from fifteen to twenty minutes before normal 
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breathing returned The heart action dunng this penod of respirator} 
failure ^^as satisfactor} the blood pressure ranging around 40 mm 
One cat which recen ed a \ er} large dose, i e 50 per cent larger than 
the lethal dose stopped breathing for two minutes The animal was 
inxerted with no eilect Artifinal respiration by the intratracheal 
method was then instituted and was stopped at mter\als, about e\exy 
minute to determine if the animal were breathmg spontaneous!} 
After mne minutes normal respiration returned The next day the 
animal w as m good condition and the same dose w as repeated WTien 
respiration ceased the cat was again m\erted, without an} benehaal 
result Then artificial respiration was started, but at the same tune 
an mtra\ enous injection of 25 mgm of cafieme sodium benzoate was 
gi\ en At the end of one minute artifiaal respiration was stopped, 
and at that time the cat was breathmg normal!} (fig 4) \Miereas 
on the preMOUS da} it required mne minutes of artifiaal respiration 
before the normal breathmg returned, m this experiment the cat was 
breathmg after one mmute It seems, therefore, that the combmed 
action of the two procedures, i e , artifiaal respiration and caffeme, 
restored the animal more qmcLl} and more effiaenth than artifiaal 
respiration alone In numerous experiments similar reco\ery of the 
animals after lethal mjections of quimdme occurred 

OBSERVATIOXS OX TEE HEART 

Santesson (22) as early as m 1893 concluded that the action of 
qumidme was essentially a muscle poisomng Waddell and Cohen 
(23) m an experimental study on the amphibian heart thought that 
the qumidme produced its effect through an action on the musculature 
of the heart and of the arculator}^ s}’stem, and they considered it to 
be a physiological depressant 

Throughout our experiments, numerous electrocardiograms were 
taken In general it was found that with small doses of quimdme 
transient changes m the \ entncular complexes occurred The dura- 
tion of the Q-R^S complex was prolonged and the amphtude of the 
R and S wa\ es was also mcreased Frequently there was a shght 
delay m the P-R mterw^al and e\en heart block as were noted by 
Korns (14) and Lewis et al (24) These changes disappeared before 
the next mjection The general t}q)e of cur\es is similar to those 




Fig 5 Cat 41 W^eight, 3 4 kgm All EixcTROCARDioGRAiis aee Lead 2 

Timer below measure J second The time the vanous tracings were taken is 
mdicated below each curve No 1 is normal control Quinidme 25 mgm given 
at 11 13 a m Quinidme 25 mgm given at 11 29, 15 mgm at 11 33, 25 mgm at 
1135 Respirations stopped at 11 37 At 11 38 caffeme sodium benzoate 20 
mgm given Artificial respiration from 11 40 to 11 SO caffeme 10 mgm at 11 55 
Note sbght slowmg and changes m the complexes with early doses of qumidinc 
and more marked changes with later doses Stnkmg recovery followed artificia 
respiration and caffeme 
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seen in the upper two sections of figure 5 The electrocardiographic 
changes became progress^ ch more marked with repeated mjections, 
with a gradualK diminishing degree of reco\er}" The heart rate m 
most instances was slo^^ and death occurred without fibrillation of 
the \entncle in the great majont\ ol instances The final traemgs 
were apt to sho%\ bizarre \entncular curves In those instances 
where the respirations had ceased entirel} and it seemed that the 
animal would certamh die electrocardiograms could still be obtamed, 
although the} indicated a most gra\e state of mtoxication Despite 
the dangerous outlook, artifiaal respiration was successful, both m 
reM\ang the respirator} mechanism and in allowmg the heart to be 
restored so that in about two hours electrocardiograms were essen- 
tiall} normal An example of reco\ ery after a lethal dose of quinidme 
was gi\en is shown m figure 5 \Mien such extraordmar} curves 
were obtained and means of resuscitation were not employed, the 
animal m\anabl} died, but here satisfactor} heart as well as respira- 
tor} reco\ er} occurred b} means of artifiaal respiration 

B} means of roentgenographic examination it was found that withm 
a few seconds followmg the mjection of 22 mgm of quimdme per 
kilogram there began a diminution in the size of the heart There 
was further contraction during a penod of se\enty seconds and 
thereafter the heart rapidl} dilated to a size greater than the normal 
control, with e\entual return to normal (fig 6) With the sub- 
sequent mjections of smaller doses of quinidme there was a dimmution 
m the heart size which was not followed by the period of dilation 
before the gradual return to normal that occurred m the former case 
In figure 6 the first changes m the size of the heart as mdicated by a 
decrease m the weight of the silhouettes, although small, are m fact 
significant It was generally considered that changes under 10 
per cent were withm the limit of error (25) and the fall from 0 061 
to 0 056 might be withm this margin But the decrease m the heart 
size contmued, as was mdicated b} the figure 0 051 which could not 
be considered an error in technique Furthermore, s imil ar alterations 
were observed m the same animal, which makes it more certam that 
a true contraction occurred directl} after each mjection There can 
be no doubt that a subsequent dilatation occurred, for the change 
from 0 051 to 0 077 is an mcrease of 50 per cent Figure 7 hkewise 
shows these changes m the actual roentgenograms 
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Cat % Whciit, 2S kcm Roi NTO^NO^RAMS Iakin at Iimis IndicatH) u\ Ndm^uais I, III and \ II in 

I K UKl 6 

I sbons normal control, 111 shows conlriclion, ami \ ll shows dil ilalion 
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These obscnations in general arc in accord with those of Jackson, 
Friedlandcr and Lawrence (26), despite the fact that m their experi- 
ments the chest was opened and considerable manipulation of the 
heart w'as necessary, wdiercas here, intact animals were employed 
It seems most likely that the initial contraction was related to the 
sudden fall m pressure and was independent of any local action of 
the drug on the licart It was recently showm (16) that with the fall 
in pressure that accompanied amyl nitrite administration and bleeding 
there wms a similar contraction in the heart The dilatation that 
occurred following the initial contraction after qumidine injection 
probably resulted from direct action of the drug on the heart muscle, 
as it wms about that time that repeated electrocardiograms on the 
animals showed changes m the ventricular complexes which were 
indicative of intoxication of the muscle Si\ minutes after qmmdme 
administration, the heart size returned to normal, although the blood 
pressure only partially recovered This would correspond with the 
recovery of the heart as seen in electrocardiographic studies The 
above changes are also in accord with the observation of Waddell 
and Cohen (23) who found evidence of decreased elasticity of the 
heart muscle when it was perfused with quindme The changes in 
the heart size noted above and indicated in figure 7 were produced by 
a two-fold mechanism, the peripheral action of qmmdme produemg 
a fall in blood pressure accounted for the contraction of the heart, 
and the direct action of the drug on the heart muscle in certain con- 
centrations produced a dilatation Both of these factors influenced 
the size of the heart simultaneously, but in an antagomstic manner, 
the resulting size was at any minute dependent on the relative degree 
to which one or the other was most effective 
The above expenments concihate some of the conflicting views 
expressed by previous observers There is positive evidence of heart 
muscle intoxication followung qumidine However, the respiratoiy 
paralysis cannot be explamed by any other mechamsm than a specific 
effect on the respirations and not as an mdirect result of low blood 
pressure Expenence m the clmic wnth one patient who died following 
quimdme therapy and who showed respiratory embarrassment some 
hours before death makes it seem hkely that means of resuscitation 
which proved so successful in these expenments might be applicable 
to human cases 
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CONCLLSIOVS 

1 As a result of expenments on cats the minimal lethal dose of 
quinidme bisulphate ^^as found to be dependent upon the speed of 
administration Whereas 25 mgm per kilogram ^ere usually fatal 
when gi\en in a single dose on the other hand, when smaller doses 
were gi\en at intervals of from slx to twehe or tw ent} -four minutes, 
the total minimal lethal dose correspondingly mcreased to about 0 1 
gram per kilogram 

2 Immediateh follo^^Tng mjections of non-lethal doses of quimdme 
there w as a striking fall in blood pressure This began a few seconds 
after the admmistration was started 

3 The effect on the respiration was directly proportional to the 
Size of the dose In gi^Tng a small dose the breathing was essentially 
unaffected, whereas after a moderate dose, there was usually a tem- 
porar>T \er> bnef cessation of the respirations With mcreasmg 
sublethal doses there was a slowing of the rate and a decrease m the 
depth of the respirations With lethal doses the breathing gradually 
failed and finally ceased The heart always contmued to beat after 
complete respiratory failure, for e\ en as long as tw o minutes 

4 The appearance of the animals under quinidme mtoxication was 
not unlike that mamfested by a fatal case m the chmc 

5 It was found that when animals were given lethal doses and the 
respirations had ceased for a penod of one to two mmutes, they could 
be re\Tved satisfactorily by artifiaal respiration combmed with the 
use of caffeme sodium benzoate The caffeme alone was frequently 
suJfiaent, although artifiaal respiration alone was much more effective 
WTien the two procedures were combmed ^eco^ er^’' took place more 
rapidly 

6 There were changes m the electrocardiograms of var^nng degree, 
depending on the size of the dose With small doses the changes 
were shght and transient With larger ones the cim’^es mdicated a 
grave mtoxication of the heart muscle Fibrillation of the ventricle 
was very rarely observed 

7 Roentgenograms taken at freqent mtervals durmg the fall of 
pressure after an mjection of a moderately large dose of quimdme 
showed at first a shght contraction of the heart followed by a dilata- 
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tion With small doses a conlraclion but no dilatation occurred 
There was a marked dilatation as a tcnninal event 
8 It is suggested that the method of resuscitation employed m 
rev i\ ing the animals in these experiments may be applicable m the 
clinic in the treatment of quinidine intoxications 

\^*c wish to take this opportunity of expressing our indebtedness to 
IMiss Bertha I Barker for her devoted assistance m these expenments 
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mobl iiibtanccb the recipients received 10 cc of blood each day except 
Sundays The blood from the donors was obtained by heart punc- 
ture (10 cc from each animal) and except m a few instances to be 
mentioned later, the blood was kept from clotting by the addition of 
sodium citrate Sufficient blood w'as obtained for all the transfusions 
of the day and mixed so that each recipient received pooled blood 
Injections w^erc made into the ear x'em 
Before begmmng transfusions the vanous bloods were tested for 
compatabihty but in no case was incompatability found This is in 
accord with the results of Snyder (9) The hematological tests con- 
ducted w'cre hemoglobin estimation (Haldane-Newcomer method), 
red and white blood cell count, reticulocyte count, and white cell dif- 
ferential count The figures adopted as normal represent an average 
of three determinations obtamed on different days before transfusions 
After transfusion, the tests were repeated twuce a week The body 
w'eight was determined and serological tests of agglutination and com- 
plement fixation xvere made on the same days 

All the rabbits transfused developed a defimte plethora, reachmg a 
maximum in most cases m from 4 to 7 days In two cases, however, 
the maximum was delayed until the second week The degree of 
plethora vaned m the different animals from 30 per cent to almost 
100 per cent increase in the number of red cells and from 20 per cent to 
50 per cent mcrease m hemoglobm After the plethora had reached 
a maximum degree for the animal studied there occurred a gradual 
decrease m number of red blood cells and hemoglobm and this m 
spite of contmued transfusions In certam rabbits the number of 
red blood cells and percentage of hemoglobin decreased to about nor- 
mal and remained normal, while m otlier rabbits the dimmution con- 
tinued until a true anenua developed Dunng the perod of decrease 
m numbers of red blood cells and hemoglobin, the number of red blood 
cells usually showed a decrease before any decrease in hemoglobin 
became exndent Moreover, the curve representing the decrease in 
number of red blood cells usually took the form of a straght line, 
whereas the curve representing the decrease in hemoglobm was step- 
like This IS well shown in the curve representmg these changes in 

rabbit 1 (fig 1) i a t 

The rebculocyte count showed changes essentially like those rs 
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demonstrated b\ Robertson The number of reticuloc> tes \aned 
mxcrsel} as the number of red cells \s the plethora increased, the 
rcUculocAtes decreased, in some instances \amshing enUrel> With 
the appearance of blood destruction, the reticuloc} tes began to 
increase and in plethoric anemia the reticulosis 'uas ^er} marked 
This phenomenon was \er> clcarh demonstrated in rabbit 6 (fig 2) 



Fig 1 


On the contran", when no anemia de\ eloped, the reticulocj’tes showed 
merely the normal \ anations 

In only two instances did the white blood cells show an mcrease com- 
parable to that of the red blood cells and hemoglobm In the other 
rabbits, the number of leucocytes fluctuated irregularly abo^e and 
below the normal 
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During plethora the rabbits de\ eloped a definite ]}nnphocytosis 
With the anemia there n as a loss in l 3 Tnphoc 3 tes in favor of the neutro- 
philes Otherw ise there v as a good deal of fluctuation Occasionally 
rarer fonns of white cells vere seen, but they were infrequent 

The body w eight showed nothing abnormal There w'as a good deal 
of increase and decrease, but these variations Avere not considered to 



Fig 2 

be of importance Where the anemia was severe, as in rabbit 6, 
the body weight did show a defimte gradual dechne 

Certain of the rabbits failed to develop a very high degree of ple- 
thora and anemia and as it was thought that this might have been due 
to the transfusion of insufficient quantities of blood, one rabbit was 
transfused with 20 cc of blood each day, and a second rabbit with 30 
cc of blood each day but the character of the curves representing the 
blood changes m both these ammals do not differ from those rabbits 
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rccening 10 cc of blood per da} These two animals showed leuco- 
c\ te increases commensurate to red blood cell increases 

As it was thought possible that the atrate present in the transfused 
blood might ha\ e an influence on the blood changes, we injected one 
rabbit daih with 10 cc of blood to which no citrate had been added 
This rabbit howe\er, responded similarl} to the other rabbits of this 
stud} 

Tne of the transfused rabbits died and one was killed and these six 
rabbits w ere studied post-mortem 
The spleen usuall} showed enormous congestion ^Microscopically 
hemosidenn w as present in large amounts both mtra and extracellu- 
lularl} In some cases the congestion was suffiaent to obscure the 
finer details of structure The endothehal cells showed h}^erplasia 
and the capillanes were loaded with cellular detritus and hemosidenn 
An explanation for the l}Tnphoc} tosis referred to was sought for m 
changes m the l}Tnph follicles, but these appeared normal 
The bone marrow also showed marked accumulation of hemosidenn 
A prohferation of bood cells had taken place and there was an extra- 
ordmar} dilatation of the capillanes In three instances an aplastic 
bone marrow w as obseiw ed 

The h\ er show ed a high degree of congestion and large quantities ol 
hemosidenn though neither w as so marked as m the spleen and bone 
marrow Each hver exammed showed a \ar}nng degree of cloudy 
swelhng and an mtralobular infiltration of small round cells 

The lungs of two of the rabbits showed edema, congestion and par- 
tial atelectasis The kidne} s usually showed congestion and forma- 
tion of casts In the other organs no changes were obseiw ed, or only 
minor ones 

In an attempt to explam the mechanism of the blood destruction m 
the reapient rabbits, recourse was taken to a stud} of the development 
of iso-immune bodies acti\e agamst rabbit red blood cells Deter- 
minations were made for the presence of iso-agglutimns and iso- 
hemol} sms m the blood of the reapient and later m extracts of ^ anous 
organs 

Agglutmation tests were conducted usmg the reapient^s sera against 
specimens of pooled washed red blood cells obtained from the \ anous 
donors Occasional!} the sera of the reapients w as tested against sus- 
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pensions of their o\\n red blood cells and also against suspensions of 
each individual donor’s cells In making the suspensions in all cases 
the red blood cells verc n ashed free of hemoglobin mth saline and then 
suspended in saline in a 2 per cent concentration One-half cubic- 
centimetcr each of scrum and cells were used The tests were incu- 
bated for one hour at 37°C \\ hen tentative readings were made Then 
they were allowed to stand in the ice chest overnight and a final read- 
ing was made on the following morning 

Hemol^^sin tests were made at the same time that agglutination tests 
w^cre conducted Undiluted recipient serum was tested against the 
same suspensions of red blood cells used for agglutination determina- 
tions Guinea pig scrum dinted 1 20 was used for complement after 
determining its hemolytic titer Usuallj^ 1 cc of complement was 
used Later, the recipient sera were used fresh and also inactivated, 
and unheated rabbit scrum w\as substituted for the guinea pig com- 
plement The lubes were meubated for one hour at 37°C and the 
readings wmre made both at the end of this penod and on the following 
morning 

After the scrum had been removed from the blood to be tested 
for the presence of agglutinins and hemolysins, the clot ivas washed in 
saline and then broken up in an amount of distilled water equal to 
that of the serum removed This mixture was then centrifuged, the 
supernatant fluid rendered isotomc and used for agglutination and 
complement fixation determinations The object of these tests was to 
determine whether antibodies might have been absorbed in vivo by 
the recipient’s own red blood cells 

Agglutimns were demonstrated in the serum of only half of the 
recipient rabbits In these instances, the highest titer was 1 80, and 
their presence was not constant The appearance of agglutimns co- 
incided with the beginning of blood destruction, but appeared to be in 
no way related to the degree of blood destruction Rabbit 6, for 
example, though severely anenuc, did not show as high an agglutimn 
titer as rabbit 2, m which ammal no anenna developed (fig 3) Simi- 
lar results were obtained with the clot extracts 

The complement fixation tests were umfonnly negative, regardless 
of the techmque employed This was true not only of the tests with 
serum, but also with the clot extracts 
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Because of inabiliU to demonstrate hcmohsins in Mtro, an effort 
uas made to demonstrate their actiMt\ m For this purpose a 

rabbit was transfused m the usual manner until a plethonc anemia was 
induced \t this stage 10 cc of blood were wathdrawm from this 
rabbit e\cr} other da} and translused into a second rabbit It was 
impossible to continue these transfers for more than two weeks, but 
b\ that time it was ob\nous that blood from such a donor produced an 



Fig 3 


imtial plethora m the recipient animal just as did blood from a normal 
donor (rabbit 8, fig 4) 

The fixed tissues wrere then studied for their possible content m 
antibodies Ke}es (10) showed that m \ertebrates red blood cell 
destruction is normall} caused b} fixed tissue phagoc}’tes or hemo- 
phages Later the same author (11) showed that a similar mecha- 
nism is acti\ ein the remo\ al of foreign bodies Car} (12) reported that 
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wlicn foreign red blood cells are inlroduccd into the blood stream, they 
are removed by hemophages IMotolioshi (13) also showed that rab- 
bits remove foreign red blood cells by the bemophnges of the spleen, 
Iner and bone marrov , also tlnit if colloidal silver is administered to 
animals the hemophages may dcstro}’’ the animal’s own er}^throcytes 



Fig 4 

To determine the part played by fixed tissue immumty the follow- 
ing experiments were conducted The liver, spleen, bone marrow and 
blood of transfused rabbits were ground individually in sterile mortars 
with the addition of small amounts of sterile sand and physiological 
sahne solution A portion of each of these mixtures was removed and 
employed for phagocytosis tests as will be described later The grind- 
ing was continued and the matenal was further diluted about ten 
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limes mth saline These emulsions w ere poured into sterile mdmdual 
flasks and to each was added a feu drops ot chloroform and enough 
toluol to make a surface co\ enng The flasks were incubated for one 
week at 37°C and shaken scAcral times a da\ The extracts were 
then cleared b\ ccntnfuging and the supernatant fluid drawn off and 
tested for the presence of hemolj sms and agglutinins This method is 
essentially that of Car\ s In all cases the reactions were negative 
for agglutinins and hcmoKsins 

The portions first remo\ ed for phagoc> tosis tests were now mixed m 
capillar} pipettes with equal quantities of suspensions of rabbit red 
blood cells (pooled blood ) The pipettes u ere sealed and incubated 
at 37®C and samples were remoxed from the pipettes at the end of 
15, 30 and 45 minutes, allowed to dr} on shdes and stained b} Wnght's 
stain It was impossible to find an} e\idence of phagoc} tic orhemo- 
phagic acti\aty in these preparations 

niscrssiov 

The chief problem in this m\ estigation has been to explam if pos- 
sible the mechamsm actn e in the destruction of red blood cells follow- 
ing a plethora induced by repeated transfusions The possible 
explanations considered ha\e been (a) that the destruction is due to 
the development of iso-hemol} sms, (b) that the blood destruction may 
result from increased actiMt} of the hemophages or may be due to the 
appearance of an increased number of those cells 

As regards the second of these possibihties, no e\ndence was obtained 
to mdicate that this mechamsm is operative A more thorough 
investigation u as made of the first of these possibihties It was impos- 
sible, however, to demonstrate any hemolytic actl^^t}’' of the serum of 
the transfused rabbits for mixed rabbit red blood corpuscles obtamed 
from a group of rabbits In Mew of certain observ ations of Ehrhch 
and Morgenroth and other observ^ers, houe\ er, it seemed possible that 
while there might be found no hemolysins for the nuxed cells of a num- 
ber of rabbits, it might be possible to show that hemoI}sins actiie 
agamst the corpuscles of certam rabbits composing a speaal group 
might be detected 

In 1900 Ehrhch and Morgenroth fl4) reported that in goats lol- 
loumg a smgle intrapentoneal mjection of large amounts of goat blood 
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isohcmolysins apj^earcd but those ^\crc never active against the goats’ 
own cells but vcrc only active against the red blood cells of certain 
other goats The authors concluded therefore that goats have poten- 
tial hematological groupings \\hich become real only under certain 
conditions of which their experiment supplied one, and these group- 
ings therefore differ from those present in man w^hcre the groupings 
do not require any special stimulus in order to make them evident 

Hada and Rosenthal (15) in the case of chickens, Ottenberg, Kaliski 
and Friedman in dogs, Ottenberg and Thalheimer m cats ivith analo- 
gous methods were able to produce isohemolysins w'hich, like the iso- 
hcmolysins of Ehrlich and Morgenroth, were actne against cells of 
certain individuals only That a similar condition might be present 
m rabbits and that this might be related to the form of blood destruc- 
tion being studied, the sera of the transfused rabbits w^ere tested 
against suspensions of cells from a number of individual donors 
Again, howe^er, no hemolytic property of the sera could be detected 

In the sera of certain of the transfused anmials moderate grades of 
agglutinating pow^cr for rabbit cells W'ere found but cells from all 
donors were equally wmll agglutinated In any case it is difficult to 
bring this property of agglutination into any causal relationship wuth 
the blood destruction 

Our experiments, therefore, do not supply any evidence suggesting 
a potential hematological grouping in rabbits and do not indicate that 
the appearance of iso-hemolysins in the blood of transfused rabbits is 
responsible for the blood destruction 

That antibodies might be formed by the fixed tissue cells and yet 
not be detected in the blood is still a possibihty Either all the anti- 
bodies might be fixed by the transfused corpuscles or the methods 
might not be delicate enough to detect the excess of antibodies present 
If the former were the difficulty, it might be possible that antibodies 
could be detected if the tests were made only after a sufficient time 
were allowed to elapse followang the last transfusion for all the foreign 
cells to be disposed of This expedient yielded no different results, 
howexer It is still possible that the rabbits’ own red blood cells as 
well as those mjected might bind the antibodies To test this possi- 
bility an attempt was made to disrupt any possible union of antibody 
with the rabbit’s own cells by extraction of the cells with water This 
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procedure, however, also yielded onlv negative results Finally, an 
attempt was made to detect \\hcther antibodies were fixed to the tissue 
cells 'With the methods emploved no hemolytic antibodies were 
found 


SUMiL\R\ \VD CONCLUSIONS 

1 Rabbits have been repeatedlv transfused with rabbit blood 
Plethora follo\ved the transfusions and this in turn was followed by 
blood destruction 

2 The reticuloc> tes tended to decrease and in some cases to dis- 
appear with the plethora, but with beginning blood destruction, there 
^as a nse m reticuloc> tes 

3 Leucocj’te counts apparcntlj bore no relation to the transfusions 
The lymphocytes usually increased vnth plethora and decreased after 
a normal or anemic condition dev’^eloped 

4 The str ikin g feature of the pathology was the enormous deposi- 
tion of hemosiderm in spleen, bone marrow, and hver This was foimd 
both withm phagocytes and extracellular 

5 Vanous hypotheses to explam the blood destruction followmg 
experimental plethora were tested by a number of methods No 
evidence was obtamed that the blood destruction is the result of the 
development of iso-hemolysins No evndence was obtamed to show 
that this result is due to greater activity of hemophages 

6 A number of facts concenung the blood changes occumng follow- 
mg transfusions have been obtamed, but the explanation of post- 
plethonc anemia must await further work 
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A STUDY OF THE EFFECTS OF PYLORIC OBSTRUCTION 

IN RABBITS 


By JAMES L GAMBLE and MONROE A McIVER 
With Assistakce of Paultve Marsh 

(From the Lohoralonts of the Departments of Pedialncs and of Physioloiy, the Barnard 
Hcdtcal School, and the ifedtccl Scr^cc of the Children's Hospital and the East Surgical 
Semcc of the if assachu setts General UospilaX) 

(Rccci\ed for publication Maj 15, 1925) 

INTRODUCTION 

In a recent paper Gamble and Ross (1) have demonstrated that, 
m the presence of pylonc obstruction in the dog, there occurs a loss 
in vomited gastnc secretions of sodium as well as of chloride ion and 
water They have shown the relationship of this loss of base to 
changes m the chemical structure of blood plasma and its significance 
from the pomt of view of the reparative action of mjections of NaCl 
solution 

In this paper are presented measurements of the amounts of water, 
fixed base and chlonde foimd m the stomachs of rabbits followmg 
experimental obstruction of the pylorus These measurements were 
obtamed with the purpose of determining quantitatively the extent 
of the loss mto the stomach of each of these important components 
of the body fluids durmg the survival period followmg pylonc obstruc- 
tion Rabbits were used for the reason that m these animals the 
vomitmg reflex is absent Their stomachs will therefore convemently 
collect for measurement substances leavmg the body m the gastnc 
secretions and contammation of this matenal by urme or feces is 
dependably avoided It was found, however, that the collection penod 
followmg obstruction could not be begun with an empty stomach 
More than a week of fastmg is required to completely empty a rabbit^s 
stomach The usual content is of a stiff texture and attempts to 
either wash it out or remove it surgically without considerably trau- 
matizmg the stomach were unsuccessful The plan used m estimatmg 

S3l 
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tlic loss into tlic stomach of i\atcr, fixed base, and chlonde ion con- 
sisted in comparing measurements from control and operated animals 
Fortunately the changes in the findings were of such magnitude as to 
render this method of approximate measurement satisfactory for the 
purposes of this study 

Besides these data demonstrating a rapid loss of blood plasma 
constituents, the results of a few analyses of muscle tissue and of skin 
are given which indicate a limited availability of matenal for correct 
repair of the plasma The character of the actual resultant alteration 
of the acid-base composition of the blood plasma is illustrated by a 
few measurements of the concentrations of fixed base and of chlonde 
and bicarbonate ions obtained from samples of blood scrum 

ESTIMATIONS OF THE EXTENT OF LOSS OF WATER, FIXED BASE (B ) AND 
CHLORIDE (Cl') INTO THE STOMACH FOLLOWING 
PYLORIC OBSTRUCTION 

Measurements were obtamed from the stomach contents of four 
controls (nos 1, 2, 3 and 4) and from four rabbits followmg obstruction 
of the pylorus (nos 5, 6, 7 and 8) The obstruction was produced by 
ligatunng the duodenum just below thepylorus with tape, the operation 
being earned out and the abdominal wound closed with aseptic pre- 
cautions under ether anesthesia In an additional experiment 
(rabbit 9) the obstruction was placed 40 cm below the pylorus, i e , 
presumably at or somewhat beyond the low er end of the duodenum 
The ammals, except nos 8 and 9 which were found dead, were killed 
with ether, the operated ones as near the end of the survival period as 
could be judged Two other rabbits (nos 10 and 11) were given 
mtrapentoneal and subcutaneous mjections of 0 9 per cent NaCl 
solution Rabbit 10 received 250 cc intrapentoneally and 150 cc 
subcutaneously 24 hours and 29 hours respectively following operation 
Rabbit 11 was given three mtrapentoneal mjections of 140 cc each, 

18 and 25 hours after placmg the obstruction The former was 
kiUed with ether when obviously monbund and the latter while still 
alert and vigorous The animals were placed m metabohsm cages 
after operation Food and water were withheld The two that were 
given mj'ections of NaCl solution voided small amounts of unne, 
the others were almost, or entirely, anunc The rabbits did not 
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vomil IL was plaiinecl lo obtain a single blood sample from each 
of the animals but unfortunately, in the case of the operated animals, 
successful collection of a suflkient amount of blood for the three 
desired measurements near the end of the sunn\al period was accom- 
plished in only two instances 

The data obtained arc given in table 1 It will be noted that the 
animals differed considerably in weight The average w’eight of the 



Fig 1 A\erages of Measurements of H2O, B and Cl' from Stomach Con- 
tents OF Controls Laid Off (Cross-hatched Portion of the Dia- 
grams) ON Those from Rabbits with Obstruction of the 
Pylorus to Indicate Extent of Losses into 
Stomach Following Obstruction 

Measurements of w'ater given in cubic centimeters and those of B and Cl' as cc 
of tenth normal solutions Data from table 1 

controls and of the four ammals with obstruction placed at the pylorus 
was, however, almost the same The averages of the measurements 
from these two groups demonstrate clearly that large amounts of 
H 2 O, B , and CL enter the stomach following pyloric obstruction 
The extent of these losses is represented graphically by means of the 
diagrams in figure 1 

In table 2 are given the results of estimations of the extent of with- 
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d^a^^al of H*0 B Cl' from the boclv fluids follo\nng obstruction, 
m terms of the onginal total amounts of these substances m the blood 
plasma These data except the \aluc5 for plasma water, are derx\ed 
from the axerages of the measurements from the controls and from 
the four animals vnlh obstruction at the pjlorus, and from the single 
measurements from animal no 9 m x\hich the obstruction x\as placed 
at the louer end of the duodenum The estimations of the mitial 
quantity of ^^atcr in the plasma were obtained b> taking plasma 
\olumc as 3 1 X bodx weight, and xsater as 0 92 X plasma \olume 
The first of these factors uas demed from Utheim^s (2) measure- 
ments of blood xolume in rabbits b\ the d>e method, and the second 


TXBLE 2 

Eslimcljons of loss oj fixed 6asc, cnef chtondCy /ol?<nrtng pylonc and duodenal o5h 

struition jrt terms of ongtnal blood plasma content 


Expcnmmul procedure 

j P> Ioni5 

I obstnirted 

Daodenum 

ob5tnictcd 

XX ater last 

1 

203 

cc 

\ 235 

Imtial plasma H-0 

1 S3 

1 77 

H 0 lost — luituxl plasma HO 1 

2 4 

3 1 

Fixed base lch,t 

cc 01 \ 

270 

C( 01 X 

539 

Initial plasma h 

140 

130 

B lost — initial plasma B | 

1 9 

4 1 

Chlonde lost I 

309 

265 

Initial plasma O' 

S5 

79 

O lost — initial plasma Cl , | 

3 6 

3 4 


was directly determined m a plasma sample from one of the controls 
The xalues for the total imtial plasma content of fixed base and of 
chlonde were computed from the estimated water \olume and the 
axerage concentration of B and of Cr found m the controls (see 
table 1) The extent of loss of each substance was estimated, as 
mdicated m figure 1, by subtracting the ax’^erage of the measurements 
from the controls from the axerage of the measurements obtamed 
foUoxving osbtruction Obxnousl} these data are roughly denxed 
The> nex^ertheless serx e to illustrate the quite starthng rapidit> of the 
losses of these three important bod> flmd constituents mto the stomach 
by w a} of the blood plasma As ma} be seen m the table, more than 
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twice the initial plasma content of water enters the stomach dunng 
the survival period following obstruction at the pylorus Measure- 
ments of plasma ^olume in the presence of circumstances producing 
severe dehydration which ha\e been reported (3) place the maximal 
reduction of volume at from 30 to 40 per cent Depletion of plasma 
water to this extent would here represent only a fraction of the total 
loss of wMter 

Since a large reduction of (Cl') is seen in the plasma (table 1) it is 
not surprising that the loss of chloride ion into the stomach is found 
to be much larger than the loss of w'ater, being 3 6 times the imtial 
plasma content As there is also a considerable reduction of (B ) 
in the plasma, a larger loss of fixed base than of wmter might be ex- 
pected The average estimated base loss into the stomach followang 
pyloric obstruction is, howmver, less than the water loss This 
discrepancy ma}’’ ver}’- possibly be due to an additional loss of base 
secreted wuth relatively little wmter into the duodenum below the 
obstruction The values for loss of water and of base obtained for 
animal no 9 wuth obstruction at the lowmr end of the duodenum, 
excellently suit this surmise It should be pointed out, however, 
that the above inferences based on concentrations observed m the 
plasma are not necessanly reliable since the chief source of these 
substances is not the blood plasma but the body flmds behind it 

As recorded in table 1, the survival period of these animals is short, 
being in average about 30 hours Dogs live after this operation 
from 2 to 4 days It has been thoroughly showm by HartweU and 
Hoguet (4) and more recently by Haden and Orr (5) that dogs, after 
high intestinal obstruction, may be kept alive for a much longer 
penod (2 to 3 weeks) if given repeated injections of physiological 
salt solution The effect of administermg NaCl solution to rabbits 
folio wnng pyloric obstruction was obsen^ed in ammals nos 10 and 
11 In the case of no 10 the first injection was not given untd the 
niormng following the day of operation This ammal became moribund 
at the end of 48 hours Measurements obtained from the stomach 
contents and from a small amount of urine voided, given in table 3, 
mdicate loss of all of the admimstered H 2 O, B and Cl', wnth additional 
losses corresponding roughly to those found in the untreated animals 
The degree of distension of the stomach in order to contain f of a 
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litre of fluid was cxlraordmarj The other animal (no 11) was gi\en 
a first injection a short time after operation and two injections were 
gi\cn the next da\ Whether it was because of the more suitable 
amounts and intervals of administration of salt solution can not be 
said, but this animal when sacrificed at the end of 42 hours was 
alert and xigorous The measurements obtained (table 3) demon- 
strate a much less rapid dehydration than occurred m ammal no 10 
and a positix e balance from the injected H;0, B and Cl' This, it 
max be incidentally noted caused an actual increase of plasma (B ) 
aboxeits normal xalue which produced, in the presence of a usual 


TABLE S 

Estimations of balance for ^rj/cr, fixed base, ard chJondCt inantmaJs gi''eti injections of XaC/ 
solution fotlcTiCing obstruction of the pylorus 


1 

Aiiima.1 no 

10 

Animal no 

11 


! HO 1 

1 ® 1 

! « 1 


B 

a 

1 

1 " 

<c^0 I \ \ 

\cc 01 y 

cc 

cc 01 \ 

\CC 0 t ^ 

Found in stomach j 

722 1 

828 

1040' 

369 

326 

620 

In stomach before obstruction* ! 

80 

74 

134 

98 ' 

116 

196 

Lost m stomach secretions 


754* 

906 

271’ 

210 

424 

Lost in unne 1 

45 

70 

1 ^ 

' 70 

no; 

i ^ 

Total lost 1 

! 6S7 

824 

911 

S41 

320 

1 433 

Gi\en as XaCl solution | 

400 

620 

620 

420 

652 

652 

Balance ] 

-287 

-202 

-291 

j_ 79 

+332 

-^219 


* For this factor a\erage of measurements from controls is used m the case of no 10 
A.S no 11 was a \crv large ammal, the data from no 2, the largest of the controls, was 
taken 


(Cr), an increase of (HCO/) These data suggest that, although 
the progress of dehy’-dration is extreme^ rapid m rabbits follow- 
ing Py lone obstruction, frequent injections of appropnate amounts 
of salt solution would considerabty prolong the surtax at penod, at 
least until further distension of the stomach became impossible 
Haden and On* (5, 6) hax e adx anced the hx'pothesis that the benefit 
from mjections of NaCl solutions foUowmg pxlonc or upper intestmal 
obstruction is the result, not only^ of repair of dehydration, but also 
of a protectix e action exerted by chlonde ion against a toxic substance 
assumed to be absorbed from the gastro-mtestinal tract They regard 
the chlonde reduction m the plasma as only partially explamed by 
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loss in gastric secretions since they find it in dogs in the presence of 
little or no \omiting and in rabbits which cannot vomit They 
apparently derne the inference that the decrease in plasma (Cb) 
IS in large part due to a withdrawal into the tissues and on this basis 
ha\ e devised the conception of a specific protective capacity of chlonde 
ion which IS supported by injections of NaCl solutions The defect 
in the inference that, in the absence of \omiting, no appreciable loss 
of Cr into the stoniiich can occur is apparent from the measurements 



No Z, Control No7, f^lorus obstructed 36Iir5 

Fig 2 Outline Tracings of Rabbits’ STOitACHS (about Times Reduced) 
Illustrating Great Distension Produced by Retained Gastric 
Secretions Following Obstruction at the Palorus 

given above and is further illustrated by the diagrams in figure 2 
It is clearly evident from the data in table 2 that the presence of any 
chloride at all in the plasma proves a rapid movement of Cl m a 
direction quite the opposite of that surmised by these authors 

Obviously, however, the importance of the work of these investi- 
gators in thoroughly demonstrating the strikingly beneficial action 
of injections of NaCl solution in the presence of pylonc or upper 
mtestinal obstruction is independent of conjecture offered in explana- 
tion of this effect 
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COMPOSITION or THE FIXED BASE LOSS INTO THE STOilACH 

The finding m this study which wc beheve is of chief interest is 
the large amount of fixed base entenng the stomach This loss, in 
proportion to the loss of Cl', is larger than was observed by Gamble 
and Ross (1) in ^ omitus collected from a dog with pylonc obstruction 
Thev found approximately ^ of the Cl' loss accompanied by Na 
Usmg the estimations gi\en m table 2, it appears that m rabbits the 
loss of B IS more than 80 per cent of the equivalence of the Q' loss ^ 
We were at pains to demonstrate that, as might be expected, smee 
the fixed base loss is denved from the blood plasma, it is composed 
almost entirely of Na As may be seen m table 4, there was no 


TABLE A 

Composition cjf total fixed hast tn gastric contents 


EipcnrocnUl procedure 

AbutuiI 

number 

Tolxl 

hue 

Cl" 

Mr 

E 

Ki.'* 

Control 1 

I 

CC.0I ^ 

6S 

u.0J\\ 

3 

cc,0I \ 

4 

cc,0ih 

20 

cc^OJI, 

41 


98 

7 

10 

23 

58 

Pylorus obstruction | 


376 

9 

11 

28 

328 


388 

10 

7 

17 

354 

Duodenal obstruction 


613 

10 

11 

100 

492 


* \ alucs for Na obtained b> subtracting the sum of those for X , Ca and from 
the total fixed base measurement. 


appreaable mcrease m the amoimts of Ca , Mg or K found m the 
stomach contents following pylonc obstruction After duodenal 
obstruction a considerable mcrease of K was measured, but here 
also the chief loss is of Na Obviously, owing to the imusual cir- 
cumstances present, it is not permissible to infer from these data that 
Na IS regularly a large factor m the construction and function of 
gastnc secretions That this may be the case is, however, suggested 
by the fact that Na was found to be the chief base m the stomach 
contents from the controls Were the base here entirely food base, 
K should be present m largest amount 

^ Besides Cl' a small additional morgamc aad factor m the stomach contents is 
mdicated by the measurements of HPO4" given at the foot of table 1 
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ME \SUREMENTS 01 II;0, B AND Cl' IN MUSCLE AND SKIN 

It IS evident fiom the data m table 2, that during the survival pe- 
riod following pyloric obstruction, plasma H:0, B and Cl' are several 
times replaced Maintenance of normal volume and composition 
will thus obviously demand a rapid movement of repair material from 
sources behind the plasma It is desired here to compare briefly the 
probable extent of availability of these three chief components of the 
plasma The loss of water as estimated m table 2, although more than 
twice the initial plasma volume, is in terms of the total wmter content 
of the body relatively small Taking body w'ater as 0 70 X body 
w'eight, the loss of Avater into the stomachs of the rabbits with obstruc- 
tion at the pylons may be estimated as 10 per cent of the imtial body 
water. A certain additional loss must occur by way of the lungs and 
skin On the other hand there is probably replacement of water to a 
considerable extent from oxidation of body fat, glycogen and protein 
The conjecture is thus permissible that the extra-vascular water m 
the body can supply replacement of a relatively very large loss from 
the plasma ivithout severely depleting the tissues Obviously, how- 
ever, the plasma cannot be reconstituted from water alone Osmotic 
pressure factors w'lll prevent a restoration of volume unless lomc con- 
tent can also be rebuilt Chlonde ion and fixed base of the land 
reqmred m the plasma (Na ), are at hand to a very much less extent 
than water Neither Na nor Cl', the chief acid factor in plasma, are 
contamed to appreaable extent m the largest compartment of extra- 
vascular water — the skeletal musculature Presumaby an important 
source from which these repair units may be denved is the skm where 
they are much more abundantly present, probably to a large extent in 
the interstitial fluid 

By way of partially lUustratmg the much smaller availabihty of 
Na and Cl' than of HsO, the few measurements contamed m table 5 
are presented These were obtamed from samples of muscle and skin 
taken from one of the controls, no 4, and from rabbit 8, 27 hours after 
ligature of the pylorus The very shght extent to which muscle tis- 
sue contams the electrolytes required for plasma repair is shown by 
the measurements from the control animal The deterrmnations from 
the skin samples show much larger concentrations of Na and Cl and 
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cxtcnsnc contnbutions therefrom It is of interest to note that base 
Mhich Mill onh shghth serve in reconstituting the plasma fixed baseis 
not appreciabh \\TthdraMn, as showm in the case of K and Mg , 
b\ an actual nsc m the amounts found per 100 gram of skin accom- 
panying the moderate loss of water Haden and Orr ( 5 ) ha\e shown 
some benefit from injection of hy’pertonic solutions of XaCI followmg 
p\ lone obstruction This finding they regard as demonstratmg the 
the specific protecti\e action of chlonde ion It is howe\er, consist- 
ent wnth the excess ot a^aIlablllty of water o\er that of electrolytes 
here pointed out 


TABLE 5 

Data from anahscs of muscle ard skin from animals no 4 and no Sjdcmonstraling dij'crcrccs 
in erlent of possible a'^ailabtlily of plasma clcctrnhtcs from tissues 


! 

Values per 100 pnims 

1 

ilufdc 

Sfcra 

Control 

j Pylorus 

1 obitruction 

Control 

Pylcms 

1 obstmctioa 

1 

A\ ater, gmms^ , 

76 4 

1 72 7 

64 7 

i 5S 8 

Cl , cc 0 1 N , j 

8 4 

1 6 8 

63 0 


Total fixed base cc 0 1 \ 

121 0 




Ca cc 0 1 N ' 

2 4 

1 

6 5 

6 3 

Mg cc 0 1 \ j 

; 12 3 

1 ' 

6 4 

7 2 

K cc 0 1 \ 1 

i 103 0 

1 i 

34 4 

36 6 

Xa * cc 0 1 \ ; 

3 3 

1 

71 3 

52 9 


* \ alues for \a obtained bj subtracting the sum of those for Ca , Mg , and K. from 
the total foed base measurement 


CHANGES IN" PL-ASILA STRUCTURE FOLLOWING PYLORIC 
OBSTRUCTION' 

The few data m table 5 indicate that the losses from the blood 
plasma can produce but httle alteration m muscle flmd composition 
If It is the case that mtra-cellular fluid elsewhere contains \ ery' httle of 
the matenal required for plasma repair cell composition m the \ntally 
important tissues wnll be httle affected by plasma depletions It 
w ould thus appear that if these losses from the plasma lead to the 
death of the orgamsm, this e\ ent must be referable chiefly- to a failure 
of the function of the blood from disintegration of its chemical struc- 
ture due to lack of replacement matenal rather than to comadent 
changes m the composition of the tissue cells That the dechne of 
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Mtal functions, m the presence of dehydration, may be attributed to 
impairment of circulation due to physical changes in the blood has been 
^\cll argued by Marriott and his co-workers (7) 

Regrettably, \cry few measurements of blood plasma values were 
obtained from the operated rabbits These w'lil, however, sen'^e to 



Fig 3 Illustrating Changes in Chief Factors of Acid-base Structure of 
Blood Plasma Following Obstruction of the Pylorus 

Diagrams constructed from averages of measurements of B , Cl', and HCOs 
(as cubic centimeters 0 1 n per 100 cc of plasma) given in table 1 J? represents 
the sum of the unmeasured acid factors, j c , HPO4", SO4", organic aads, and 
protein 

show the character of the changes in the ionic composition of the 
plasma which may result from the losses into the stomach The 
averages of the measurements of (B ), (Cl') and (HCO3O from the con- 
trols and of those from two of the ammals after obstructing the pylorus, 
given in table 1 , have been used in constructing the diagrams in figure 
3 The measurements show, following obstruction, a reduction of all 
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three of the factors measured The large decrease m (HCOj') is 
perhaps surpnsing since in dogs and in man an alkalosis of some degree 
IS nearh rcgularl> found m the presence of obstruction at the pylorus 
Gamble and Ross (1) have, however, pointed out that the increase of 
(HCO,') which the reduction of (Cl') tends to produce is greatly 
limited b> decrease of (B ) and by increase m some add factor or 
factors as shown by increase of the sum of the individually unmeasured 
aad v alues designated as R m figure 3 The data m this paper show a 
much greater loss of Na m proportion to Ci' mto the stomach than 
occurs m the dog, at least according to the measurements from the 
smgle experiment reported, and also an mitially larger value for R in 
the plasma As the diagrams indicate, the tendency of the loss of 
(Cr) to produce an increase of (HCO 3 ') was m these rabbits more than 
offset by reduction of (B ) and increase m R As causes for this 
increase of R may be suggested an mcreased concentration of protem 
resultmg from loss of plasma water and retention of other normal 
components of this fraction of total plasma aad due to the nearly 
anunc condition of these animals It is not desired to suggest that 
rabbits folio wmg obstructiou of the p^donis regularly die of an aadosis 
resulting from bicarbonate reduction although it is permissible to 
suppose that they occasionally may The large reduction of bicarbon- 
ate m the plasma should, we beheve, be regarded simply as one among 
many physical changes which together tend to impair the function 
of the blood 


SiniMARt 

Following expemnental obstruction of the pylorus m rabbits and 
durmg a short survival period, usually less than 30 hours, large 
amoimts of water, fixed base, and chloride ion enter the stomach 
These losses are, m extent, several times the mitial total plasma con- 
tent of H 2 O, B , and Cl' Although rapid replacement occurs, cor- 
rect plasma composition cannot be sustamed A much lower avail- 
abihty of the required electrolytes (Na and O') than of water, from 
elsewhere m the body fluids, is the limiting factor m plasma repair 
The changes m the plasma which were observed m this study consist 
m a considerable reduction of (B ) and a larger recession of (Cl') which, 
however, is more than offset by increase of an undetermined aad 
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factor, or factors, with the result that plasma bicarbonate is greatly 
reduced Plasma composition may be approximately repaired and 
the sursnval period considerably prolonged by repeated intrapentoneal 
(or subcutaneous) injections of NaCl solution The losses from the 
plasma, however, continue and, in the rabbit, rapidly produce an 
enormous distention of the stomach 

The significance of a loss of body fluid is inadequately desenbed by 
the term dehydration Impairment of function following this event is 
referable not only to the loss of water, but also, and in larger degree, 
to the accompanying loss of particular electrolytes An essential 
requirement in the treament of dehydration is replacement of these 
lomc factors of body fluid structure 

The entrance into the stomach of a large amount of fixed base, 
more than three-fourths the equivalence of the chlonde ion loss, con- 
stitutes a finding which is probably of important significance as regards 
the construction and function of gastne juice 

Methods used in obtaining measurements 

The gastne contents from the operated animals, which was largely flmd, was, 
after weighmg, made up to a convenient volume m a stoppered graduated cylmder 
As quickly as possible after thorough mixing an ahquot was taken and chlonde 
determmed m a sample from the supernatant portion The remamder was dned 
on the steam bath, weighed, ground m a morter, and a 2 gram portion nearly com- 
pletely ashed by the Stolte method The partially ashed matenal was extracted 
with four 10 cc portions of 0 5N HCl and, jSltermg through a small No 40 What- 
man paper, made up to a volume of 100 cc Fixed base was determmed m an 
ahquot from this extract In the case of the controls the portion used for the 
chlonde determination was measured by weighmg, digested with about 10 times 
its weight of distilled water on the steam bath, and then made up to volume 
The blood samples were obtamed by cardiac puncture and the values given were 
determmed in the serum The muscle and skin samples were taken duectly 
followmg death of the animals Chloride was duectly determmed m 2 to 3 gram 
samples and fixed base m 15 to 20 gram samples ashed by the Stolte method and 
extracted with 0 5N HCI The measurements of potassium, calaum, magnesium, 
and phosphorus given were also determmed m the extracts of ashed matenal 
References to descnptions of chemical methods used are as follows Tp/oI Fixed 
Base, Fiske (8), Chlonde, Fiske (to be pubhshed), Bicarbonate, Van Slyke (9), 
Potassium and Calcium, Tisdall and Elramer (10), Magnesium, Bnggs (Ivi 
Phosphorus, Bnggs (12) 
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THE EFEECTS OF CH.*\NGES IX H\T)ROGEX lOX COXCEX- 
TIEVTIOX OX THE BLOOD FLOW OF 
^ilORPHIXIZED DOGS 


B\ TIXSLEV R.\XDOL?H H.VRRISOV, CH.VRLES P ^’ILSOX 
\VD \LFRED BL-aOCK 

{From tic Dcparimcfiis of Medicine^ Pell o^ogy erd Surgery of The Johm Eophins 

L ti '■crsjty) 

(Recei\ cd for publication Maj 28^ 1925^ 
rSTRODL CTIOV 

The authors ha\ e recentl> studied the effects of partial respiratory 
obstruction on the respiration and arculation of the morp hini/ ed 
dog In a pre\aous communication (Blalock, Harnson and Wilson, 
1925), It has been shown that when experimental respirator^" obstruc- 
tion IS produced m dogs these animals develop a marked aadosis 
dependent on carbon dioxide retention and at the same tune show an 
mcrease of from 40 to 200 per cent m the circulator}'' minute \ olume 
The object of the present stud} was to determine whether an aado- 
sis mdependent of respirator}^ obstruction was accompanied b} an 
mcreased blood flow, and, if this occurred, to observe the effect of 
the administration of alkah on the circulation m normal dogs and m 
dogs to which aad had been administered 

METHOD 

The techmque, and the objections to the method used are dis- 
cussed m detail m the former paper (Blalock, Hamson and Wilson, 
1925) The procedure, m bnef, was as follows 
Dogs were anesthetized wnth 0 06 gram of morphme, smee it has 
been shown that this drug has relati\ ely shght effect on the blood flow 
of normal dogs The ox}^gen consumpton was determined by a 
Benedict spirometer, wrth the graphic recordmg device A specimen 
of blood was drawn from the right % entnde according to the procedure 
of Barcroft, Bo}cott, Dunn and Peters (1920) At the same tune 
samples were taken from the carotid and femoral artenes 
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One of llie .irltnal samples was used for pll determination accord- 
ing to Hawkins’ (192^) modilicalion of Cullen’s (1922) colorimetric 
method Inman} of the o\pcriments m which acid was injected slight 
lakmg of the blood occurred and accurate pH readings were difficult 
Greater accuracy than rfc pll 0 0^ is not assumed However the 
changes found m H-ion concentration were much greater than the 
limits of error of the method 

The oxygen and carbon dioxide content of the arterial and venous 
blood were dctennined The circulator}’' minute volume was calcu- 
lated from the Fick formula 

cc O- consunKcl ptr minult Vum'jcr of cubic centimeters of blood 

Amount Oj taken up in lungs bj 1 cc ofld^ "" llouing through lungs per minute 

Acid and alkali w'cre injected into the femoral \ ein In some experi- 
ments N, 5 HCl w’as used, in others n/5, n/2 5 or n/1 lactic acid, n/1 
and 2n NaeCOs w ere used The amount of acid or alkah given ivas 
varied in different experiments, according to the size of the animal and 
the degree of change in pH desired Fifty to 100 cc w ere injected m 
most instances Some animals rccen ed acid alone, some alkali alone, 
while in a third group both acid and alkah w’ere given Five to ten 
mmutes after the injection a second series of blood samples w’as taken 
Forty-five to mnety minutes later a third senes wms wnthdraivn 

At the conclusion of the cxpermients the anmials were autopsied, 
and the heart chamber examined \^Tien a puncture m the mtraven- 
tncular septum was found the experiment ivas discarded In this 
way faulty results such as might have been obtained from mixing 
artenal and venous blood, were avoided 

RESULTS 

The animals were quiet and remained so throughout the experi- 
ments, with one exception (table 7) In some mstances the respira- 
tions were very rapid whereas in others the breathing was normal or 
slowed (It IS well known that morphia produces an initial stimula- 
tion of the respiration of dogs ) The pulse was always slow’ at the 
beg innin g of the experiments The animals were not cyanotic The 
artenal and venous bloods were normally saturated ■with oxygen The 
CO 2 contents were shghtly elevated (42 to 54 volumes per cent) and 
the H-ion concentration shghtly depressed (7 21 to 7 31) These are 
typical morphme effects The control blood flows w’ere between one 
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liter per irimutc, m the sinaller clogs and two liters per minute m the 
larger animals 

77/c clJccls of acid (Tables 1, 2, v3, 5, 6, and 7, figures 1 2, 3 and 4 ) 
As soon as the injection was made the respirations changed, becoming 
deeper m all instances and more rapid m some ammals, slouer m 
others (see fig 1) Thus hyperpnea rather than poljqsnea is character- 
istic of acidosis m the dog as well as in the human being The mmute 
ventilation was increased in all evpenments, the degree of increase 
vai^nng from 30 to 200 per cent The effective ventilation was 
increased to a greater degree than the figures show' because the deeper 
respirations after acid resulted in a smaller percentage of dead space 
exchange 

A striking feature as one watched the dogs was the similanty in 
breatlung to that seen m diabetic coma and uraemia These respira- 
tor}’- phenomena simulated closely those described m Walters’ (1888) 
classical expenments 

The effects on the pulse w'ere variable, the rate being sometimes 
increased and m other instances dimimshed The ox}"gen consump- 
tion w'as not materially changed, though as a rule it w’as shghdy 
increased One rather striking feature was the flushmg of the gums 
and tongue TIus appeared wuthin two or three mmutes after the 
mjection of acid and lasted twenty to thirty mmutes This dim cal 
evidence of vasodilatation is of considerable interest and is referred 
to later 

The hydrogen ion concentration was uniformly mcreased, the degree 
of change varying greatly in different animals In general the mcrease 
was proportional to the amount and the rapidity of the injection of 
acid 

The blood flow was mcreased m all instances, the degree of mcrease 
tendmg to parallel the degree of acidosis As this is tlie point which 
w'e wish particularly to emphasize the average figures for eight expen- 
ments m which acid was injected are shown 



pH 

Blood (low 
per nunute 

Output per beat 




cc 

Before injecting acid 

7 24 


22 1 

Five to ten minutes after the injection of acid 

7 01 


42 0 

Forty-five to ninety mmutes after the m- 



30 2 

jection 

7 17 

2 01 
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Fig 2 The Effect of Acid 

This chart illustrates a t^^pical experiment Following the injection of acid the 
pH changed from 7 28 to 7 11 and the blood flow increased from 1 1 to 2 0 hters 
The artenal and venous oxygen contents approached each other, the blood CO 2 
content decreased The pulse rate and ox>^gen consumption remained relatively 
constant After 30 minutes the various functions approached normal 
In this and the foUowmg charts time relations are neglected The various 
functions are drawn as if constant at the time of puncture The drawings are 
purely schematic 
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Fig 3 The Ekfect of Repeated Lntections of Aero aed Alkaif 
In this erpyemnent the animal became restless and the oi>gen consumption 
steadil> mcreased. This probabl> explains the fact that even vnth alLalosis the 
blood flow was not less than m the control penod Howca er the increasing blood 
flow with mcreasmg H-ion concentration and decreasing blood flow with alkalosis 
were quite striking The nse m mmute \ entflation and drop in blood CO2 con- 
tent with aad, and the re\ ersed effects with alkali are noteworth\ 
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Wlicn acid ^\as injected Uie Idood flow was increased more than 100 
per cent, and tins increase w as due to an increase in the output per beat 
rather than an augmentation of the jjulse rate After an interv’^al of 
thirty to sixty minutes the aculosis diminished and the blood flow' and 
output decreased 

The carbon dioxide content of the blood was, as w'ould be expected, 
much decreased after the injection of acid, the figures varying between 
10 and vSO volumes per cent This fall was dependent on o^ erv'entila- 
tion and was a compensator} mechanism similar to the changes in 
diabetic and renal acidosis 

The c[fccls of alkali (Tables 4, 5, 6 and 7, figs 3, 4, 5 and 6) 
Ahuost immediately after the injection of 50 cc of x/1 Na2C03 the 
respirations became very shallow and in many instances apnea 
occurred (fig 6) In only one animal was the apnea fatal The 
animals did not become flushed but in sc\eral instances cyanosis was 
noted The pulse rate usually increased by ten to thirty beats per 
mmute The o\ygcn consumption and arterial oxygen w'ere not 
much affected, wdule the ^ enous oxygen became distinctly low'er 
A very marked rise in both arterial and venous CO 2 occurred The 
H-ion concentration dmimished, the blood flow' and output per beat 
decreased The average figures for four expermients w'eie as follow's 



1 pH 

1 Blood 
' per minute 

1 Output per beat 



/:/ers 

1 cc 

Before injection 

7 26 

1 54 

23 2 

Five to ten minutes after the injection of 
sodium carbonate 

7 60+ 

1 31 

19 3 

Forty-five to ninety minutes later 

7 60 + 

1 19 

14 5 


It IS to be noted that the H-ion concentration of the blood shows 
httle tendency to return to normal This is m contrast to the experi- 
ments with acid, and m which the pH values were approachmg normal 
an hour after the mjection The difference is explamed by the fact 
that the body can excrete acid by the lung as well as by the kidneys, 

Fig 4 The Effect of Alkali and Acid 

The usual effects of alkalosis, 1 e , diminished volume flow, mcreased CO2 con- 
tent are followed by changes in the reverse dnrection when acid is mjected 




Fig 4 


TABLE 4 

the cjjccls of Ihc inlrai^cnous injection of aJknh 
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[njLLtion of 30 cc N/l Inclic atul 
Inltnal 20 nunutt'^, mjcilmn of 2S cc ofN/*t lactic acul 
rnt(r\al 20 niinutts, injcclinti of 10 tt of n lactic acul 
fnltnal IS minufcN, Injection of SO tc of2NNa3CC)3 
Inltnnl 20 nnmilcM, mjcLlmn of IS cc of 2 n Na C Oj 
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Fig 7 Relationship oe Circulatory Minute ^^0LU^IE to Hydrogen Ion 

Concentration 

Nearly all the dots to the left (alkaline side) of the normal pH hne fall below 
the normal volume flow line, whereas the pomts on the ngbt (aad) side are above 
the normal volume flow level 
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Fig 8 Relation ship of Orxpxrr per Beat to Hydrogex Iox Concentration 

The simflantj to figure 5 brings out the pomt that the changes in Nolmne fiov* 
resulting from changes m reaction, are due chiefl\ to \anations in output per beat 
rather than in pulse rate 
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\\hcrcas excess alkali can onl} be excreted through the kidney The 
blood floY became smaller and the oiitjiut per beat diminished as the 
duration of the alkalosis increased d he more alkaline ^ alues for pH 
arc denoted b} 7 60 + because colorimetric readings i\ith the 
Sorensen phenol red standards are unsatisfactory for dog’s blood 
aboA e this pH ^ alue 

In one experiment 40 cc n/1 0 sodium h} droxidc as substituted for 
the usual sodium carbonate The results were rather surpnsmg 
Tlic breathing became at first sloi\ and shallow but soon rapid and 
deep respirations ^\cre noted At this point the pulse rate was 150 
Blood samples ^\crc dra^n and the animal ^\as found to have an 
extreme acidosis fpll 6 90 — ), vith a greatly diminished blood flow 
A few minutes later death occurred — apparently from shock This 
apparent paradox, the production of an acidosis by the mjection of a 
strong alkali has been observ’^ed by others (McCallum, 1925) and can, 
\\c believe, be explained by the assumption that the caustic caused 
marked tissue destruction The results of this at}qncal experiment are 
not included in the tables 

In figures 7 and 8, to vhich the reader’s attention is especially 
directed, the results of our prexuous expermients on the acidosis pro- 
duced by respirator}'’ obstruction, are included as well as the changes 
in H-ion concentration found in the present senes of expenments In 
figure 7 the volume flow per minute is charted agamst the pH It 
can be seen that acidosis, whether due to respiratory obstruction and 
hence associated vith a high COo tension, or whether due to acid mjec- 
tions and thus associated witli low CO 2 tension, causes an mcreased 
blood flow (in the morphimzed dog) whereas alkalosis is accom- 
pamed by a decreased flow Figure 8 bnngs out the pomt that the 
changes in blood flow are due to variations m cardiac output and not 
to alterations in heart rate 
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DISCUSSION^ 

1 The reJaUonsUp of hydrogen ton conccniralion to blood flora} 

Boothby (1915) first suggested that the H-ion concentraUon regu- 
lated blood fiov" Douglas and Haldane (1922) ha^ e reached the same 
conclusion from the result of studies on man jMeans (1924) m his 
recent monograph pomted out that this suggestion seems likely but, is, 
as } et, impro\ cd Henderson (1908, 1923) has repeatedly emphasized 
the importance of CO* as a regulator of venous mflovr and cardiac 
output 

In our expenments acidosis was assoaated with an mcreased cir- 
culatorj mmute \olume, and alkalosis with a decreased blood flow 
(figs 7 and 8) It is of importance to know whether the change m 
volume flow is a result of the change m reaction or snnply a concomi- 
tant phenomenon 

Part of the nse which occurred with aadosis might possibly be 
explamed by the mcreased work of breathmg If the effect on vol- 
ume flow were due entirely to the elevated metabolism of mcreased 
work a parallehsm between blood flow and ox^^gen consumption should 
occur No such parallelism was observed, for the oxygen consumption 
did not mcrease m as great a degree as did the blood flow With 
alkalosis a conspicuous decrease in oxygen consumption occurred m 
only one instance whereas the blood flow was diminished m most 
instances The exceptions to this were noted m the animals m which 
an elevated oxygen consumption occurred 

It rmght be said that the changes found, if not due to changes m 
work, were due to the mechamcal effects of changes m the depth of 
respiratory movements with consequent variations m venous inflow 

^ The literature on the subject of circulatory mmute volume is extensive and is 
discussed m some detail m Henderson's (1923) recent review Only such work as 
bears more or less directly on the relationship of H*ion concentration to blood flow 
will be noted here. 

Most of the work previously done has been concerned with the effect of CO 2 
tension rather than the H-ion concentration, and has been done on nmmaU 
anaesthetized with ether or urethane, both of which ina> very possibly modify 
the circulatory mcchanisnu Much of the work has been done on the isolated 
heart-lung preparation- Caubon must be used m applying the result to the normal 
arculabon- 
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This explanation docs not hold in view of tlic v ork of Henderson (1908) 
who shov cd ncarl}' 20 years ago that the mechanical factors are less 
important than the chemical factors Furthermore, Marshall (1925) 
has found that the blood flow of the normal dog is no greater in summer 
than in v inter, although the minute ventilations may be doubled 
because of panting 

Since therefore the changes m volume flow observed in these experi- 
ments cannot be ex'plamcd on tlic basis of changes in metabohsm or 
changes in the mechanism of respiration, we feel justihed in stating 
that tlie variations obserx’’cd in blood flow were due to the vanations 
produced m H-ion concentration 

Eppingcr (1924) has recently reported a great increase in arcula- 
tory minute volume during attacks of “cardiac asthma ” Lewis and 
his associates (1913) observed acidosis durmg such attacks 

Patterson (1915), usmg the heart-lung preparation, found that 
high COa tension caused a dimmished blood flow The addition of 
adrenalin, however, to the perfusion fluid caused an mcrease Adre- 
nalm and COa caused a greater mcrease than did adrenahn alone 
Cannon and Corrasco-Formiguera (1922) noted that the secretion of 
adrenalin vas augmented by asphyxia Thus one might expect an 
mcreased blood flow at a high COa tension 

Schneider and Traesdell (1922) found an mcreased flow through 
the hand when carbon dioxide m as high a concentration as 3 per cent 
was present m the mspired air At higher concentrations the flow was 
dimmished Douglas and Haldane (1922) observed no mcrease m 
the circulatory minute volume when an excess of CO 2 was breathed 
They believed that no change m H-ion concentration was produced 
under the conditions of the experiments Henderson and Harvey 
(1918) believe that a great increase m the circulation rate occurs when 
the CO 2 tension of the blood becomes excessive 

Henderson (1923) emphasizes the importance of CO 2 as a hormone 
regulatmg venous pressure, and hence the chastohe fillin g and circu- 
latory mmute volume He pomts out that this eflfect of carbon choxide 
may possibly be specific or may result from the mcreased H-ion 
concentration due to the CO 2 The latter hypothesis would seem to 
be the correct one m view of the above experiments Two dt^erent 
types of aetdosts were produced, Hie one associated with a high CO 2 
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icnston of (he bloody (he o(hcr wi(h a Iciv COt (cnsion In ho(h condt(ions 
(he rohnncjlow v:as increased Svicc (he results icere the same whether 
the acid uas carbojiiCy hydrochloric or lactic j there ts little doubt but that 
the increase vi blood flow was due to the increased hydrogen ion concen- 
tration of the blood 

Other observers (Henderson (190S), Douglas and Haldane (1922)), 
observed a decrease m blood flow with excessive artifiaal respiration, 
which as Grant and Goldman (1922) showed causes alkalosis Under 
such conditions alkalosis is assoaated with a diminished CO 2 tension 
of the blood In our experiments alkalosis was produced by the 
mjection of alkali and was assoaated with a high COi tensiorL of the 
blood, but a decreased blood flow Here agam we are led to the con- 
clusion that the changes m blood flow are determined by changes m 
the h 3 drogen ion concentration and not by v^'anations m the carbon 
dioxide content of the blood 

It IS of some mterest to speculate bnefly on the mechanism through 
which the pH influences the blood flow The work of Fleisch (1921) 
who found that aad caused a penpheral dflitation and an mcreased 
capillary flow is of mterest m this connection Other factors remam- 
mg constant, capillary dilatation will, if not extreme, cause a more 
rapid return of blood to the veins, mcreased rate of venous flow and 
greater diastohc fillmg of the heart It seems probable that this is 
the mechanism through which the H-ion concentration modifies the 
blood flow Henderson (1923) expresses a similar idea when he dis- 
cusses the importance of CO 2 in the regulation of venous pressure 
Eppmger (1924) has evidence that the great mcrease m blood flow 
durmg attacks of “cardiac asthma^’ is due to diminished penpheral 
resistance Hamson, Dock and Holman (1924) found an elevated 
blood flow m dogs with artenovenous fistulae This was probably 
dependent on diminished penpheral resistance 

2 The rdationship of blood flow to output per beat 

One of the most striking results of the expenments was the findmg 
of a 100 to 200 percentage mcrease m blood flow with no significant 
mcrease m pulse rate This is contrary to Henderson’s (1923) vaew, 
but is m accord with the findmg of numerous other workers (^Marshall 
(1925), Eppmger (1924), Zuntz and Hagemann (1898), Plesch (1909), 
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Krogh and Lmdbard (1912) and others) In our experiments the 
pulse rate has usually parallcd the ox 3 ’’gcn consumption more closely 
tlian the blood llo^\ It is ycII known that the minute respiratory 
volume is controlled by tvo factors, the nervous factor and the chemi- 
cal factor It is possible that the circulatory minute volume is sirm- 
larly controlled 

We have concluded from these expenments that the H-ion concen- 
tration constitutes the most important if not the sole regulatory 
mechanism of the circulation of the morphinized dog There is 
considerable evidence to indicate that this is also true m man How- 
ever this evidence is by no means conclusive If suffiaently accu- 
rate methods are available this problem will be studied in the future 
At the present time no definite conclusions as to the arculation of 
man can be drawn from this work 

SUJnLVRY AND CONCLUSIONS 

The effects of acidosis and alkalosis in dogs have been studied with 
special reference to the blood flow Aadosis was produced (1) by 
obstruction to the respirations, (2) by the injection of hydrochloric 
and lactic acid Alkalosis was produced by the admimstration of 
sodium carbonate The changes in pulse rate, respiratory rate, 
mmute ventilation, oxygen consumption, artenal oxygen, venous 
oxygen, artenal CO 2 , venous COj, mtemal respiratory quotient, hydro- 
gen ion concentration, arculatory minute volume and cardiac output 
per beat have been observed The followmg statements are beheved 
to be true for the morphinized dog 

1 An mcrease m the hydrogen ion concentration of the blood causes 
an mcreased blood flow 

2 A decrease m hydrogen ion concentration causes a decreased 
blood flow 

3 These effects occur regardless of the CO 2 tension of the blood 

4 Changes m the hydrogen ion concentration have no constant 
effect upon the oxygen consumption or the pulse rate 

5 The cardiac output per beat is much affected by the hydrogen 
ion concentration, bemg greater than normal m acidosis and less than 
normal m alkalosis 
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6 The changes in respirator}" rate are vanable WTien the respira- 
tions are imimpcdcd, intra\enous injections of aad alwa}"s cause 
increased respirator} depth and increased minute ventilation, and 
alkali usually causes diminished respiratory depth and diminished 
minute ventilation 

It IS suggested that these results may be applicable to man 
It is a pleasure to acknowledge our indebtedness and express our 
apprcaation to Dr E K ^larshall, Jr , and Dr G A Harrop for 
encouragement and man} helpful suggestions m regard to this work 
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PROCEEDINGS OF THE SE\T:NTEENTH ANNUAL MEETING 
OF THE Ai^IERICAN SOCIET\’’ FOR CLINICAL INVESTI- 
GATION HELD IN WASHINGTON, D C, 

^.LAY 4, 1925 

Cultr'ation oj Vacctre Virus in Artificial Media By Robert N Nye and (by 
in\ataUon) Fredericx Parker, Jr , Boston, Mass 

Continuing the vrork of Parker it has been possible to cultivate \accine virus m 
artificial media at 37 for 130 da>5 The medium is essentially a livmg 
tissue culture, consisting of a small bit of normal rabbit testis to irhich is added 
infected testis (or plasma), the whole being held m place b> one or two drops of 
diluted normal rabbit plasma- The cultures are made m small Petn dishes (5 
cm diameter) and after coagulation of the plasma the dishes are inverted and 
sealed with sterile vasehne- Transplants are made ever> five or sm days Analy- 
sis of the air m the Petn dishes after five to six dz.ys mcubatioa shows an ox> gen 
content comparable to that of normal air Intradermal titrations m rabbits show 
a marked mcrease m the actual amount of vnrus from generation to generation, 
thus eliminating the possibihty of mere survrv ak 

Preliminary Observations on the Toxin of Streptococcus erysipelalis By H- L 
Amoss and (by mvitation) KoNTtAD E Birkhaug, Baltimore, Md 
The sterile Berkefeld filtered unne of rabbits with experimental erysipelas and 
of patients early m the acute stage of erysipelas gives a reaction when mjected 
mto the skin of some normal rabbits and especially mto rabbits havmg an active 
experimental erysipelas lesion The skin-reactmg substance is heat labile and 
neutrahzable by anu-erysipelas serum and quicLlj disappears from the urme 
during recov ery 

The toxm was produced by anaerobic growth of organisms m tryptic broth 
One cubic centimeter killed rabbits weighing 1500 grams Weaker tone filtrates 
were concentrated by preapitation with (NH 4 ) 2 S 04 at pH 4 6 The power of 
these strep tococa to produce toxin does not parallel their hemolysm production 
Anti-scarlatinal serum does not neutralize the tonm Anti-ex>sipelas serum does 
not give Schultz-Charlton reaction m scarlet fever 
There is some evidence that erysipelas toxin is produced by a ferment elaborated 
by Streptococcus erysipelatis 

Twenty rabbits received weekly m 3 ectioas of tone filtrate either mtrav enously, 
subcutaneously, mtramuscularl> , or intracutaneously for four months The 
serum of these rabbits acquired no and tone properties and the rabbits themselves 
were just as susceptible to mtrav enous and mtracutaneous mjection of tone 
filtrate and of living ery-sipelas sUeptococa as normal rabbits It appears that 
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tJic toxin in ra])l)Us is not antiloxigcnic and an analogy to the S factor of pneu- 
mococcus IS suggested 

Ohservatwns on the Avwuni of Scarlatinal Antitoxin Required to Cure Scarlet Fever 
By Jami s D I'rask (by invitation) and FkatsCis G Blake, New Haven, Conn 
I'lic goal to be attained m Uic treatment of scarlet fever with antitoxin is the 
neutralization of toxin and establishment of an excess of antitoxin in the blood of 
Uie patient The amount of serum required will vary with the size of the patient, 
the seventy of the disease, and the antitoxin content of the scrum To determine 
the amount of scrum necessary the presence of toxin and antitoxin m the blood 
before and after intramuscular treatment lias been determined m 42 cases of 
varjnng ages and seventy, treated with 9 different lots of scrum of varying anti- 
toxin content 

The presence of toxin w as determined by the capaaty of the patient’s serum to 
produce a local skin reaction m susceptible volunteers, the presence of antitoxm, 
by a positive blanching test The antitoxin content of the scrums was measured 
by determining tlic minimum amount of scrum that would produce a positive 
blanching test 

The results show' that a scrum should contain at least 12,500 minimum blanching 
doses per cubic centimeter to be therapeutically efficient This is equivalent 
to at least 10,000 skin test ncutrabzing doses per cc or 100 units Maximum 
doses arc 3000 to 8000 units for children, 3000 to 12,000 for adults. 

Experimental Pneumonia in Mt^e FoUoiving Inhalation of Streptococcus hcmolyhcus 
and oJ Fnedlandcr Bacillus By Erttest G Stillman and (by mvitation) 
Arnold Branch, New York, N Y 

The reaction of mice to inspired bactena vanes according to the kmd of organ- 
ism mspired 

Mortahty and actual mfection bear a direct relationship to the length of time the 
mspired bactena persist m the lungs foUowmg inhalation Hemolytic strepto- 
coca and B Fnedlander which have reached the lungs of normal mice following 
inhalation persist for several days A fatal septicemia, wath or without pulmonary 
localization, is frequent, and death may not occur for several days following 
exposure 

Pneumococa, on the other hand, rapidly disappear from the lungs of normal 
mice foUowmg inhalation and rarely cause a septicemia In alcoholized mice, 
however, the pneumococa persist m the lungs for a longer penod, a fatal septicemia 
IS frequent, and pulmonary localization of the mfection only occurs in partially 
immunized animals Death occurs early, generally within 5 days 

On Certain Pharmacodynamic Actions of Bacterial Poisons By Karl K Koessler 
and (by mvitation) Julian H Lewis, Chicago, HI 

In the last ten years the semor author and his collaborators concentrated eir 
attention on the chemical study of the poisons which are formed when micro 
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organisms act upon proteins and ammo aads Quantitatr^e chemical methods 
were de\Tsc<i which made it possible to separate these poisonous amines and to 
delcrmmc the amounts produced It was shown that microorgamsms which 
form histammc and t>Tamine are normal inhabitants of the human mtesti n al 
tract Recent stQl unpublished in\estigaUons showed that this facult> of de- 
carbowlation leading to amine production is not restneted to mtestinal bacteria. 
The mixture of common piogcmc miCTOorganisms contamed m the bronchial 
expectoration, m tonsils and emp} ema fluids is able to form large quantities of 
these poisonous amines, which were phannacologicall> characterized b> their 
selecli\c action on the smooth muscle fibre s>"stem The question suggebted 
itself naturally whether other poisons of similar constitution are not formed under 
our experimental condition? 

This and other considerations made it desirable to stud> by dehcate pb>sio- 
logical methods bacterial culture filtrates and their \ anous fractions obtained b> 
chemical separation in the hope of eluadating, perhaps, the large problem of the 
factor of mtoncation m bactenal diseases 

A method of detennuung bronchospasm m the guinea pig and a second method 
of demonstratmg arterial constnction in vitro were defused. By means of these 
two methods the authors were able to show that the common microorganisms 
contamed m the bronchial exudate, chiefl> streptococa and pneumococa, produce 
chemicall> still umdentrfied poisons, which frequentij ha%e an mtense constnetor 
action on the bronchioles and others which ha\e definite vasoconstrictor action 
The relationship of these experiments to human patholog> (a) to bronchospastic 
forms of d>spnoea of non-allergic nature and (6) to the first stage of arterial 
hypertension, arterial spasm, is suggestne 

ffaj Fever The Results of Treating the Same Patient in Four or More Successive 
Years By Francis M RACEE^u^'v, Boston, M zss 

A study of hay fever restneted to those patients with late hay fever due to rag- 
weed, who were treated during several >ears, eliminates questions of pollen 
speafiaty and of widely different degrees of hy^persensitiYeness 
SLm tests done at the outset of each season show a remarkably constant d^ee 
of hypersensitrveness in 85 per cent of the 54 patients The relation of the 
details of the treatment to the end result is best shown by curves which appear 
when the doses m each year are plotted against dates and amounts The strikmg 
parallelism of these curves mdicates again a degree of hypersensitiveness constant 
from year to year 

Similar courses of treatment lead to sunilar end results Where however, the 
courses are different, it is possible to show that m some cases good results occur 
with a larger amount of treatment, while m other cases, exccssrve dosage, particu- 
ularly if accompanied by large local or general reactions, leads to results less 
favorable than those m other years when the dosage was smaller 
This mdicates that success depends upon a course of doses the amounts of which 
are optimal for the mdividual patient. 
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Coulnbutwu to the Chemotherapy of Protozoal Injections By George Baehr, 
New York, N Y 

Obscrv^ation of eases of amebic colitis resistant to most drastic treatment with 
cmctin hydrochloride and cmctin bismuth iodide necessitated search for another 
agent \\hich would not only destroy organisms within the intestinal lumen but 
would possess sufiicicnt penetrating power to kill olT amcbac imbedded within the 
mucous membrane 1 he e\trcmc sensitiveness of amebae to ultra\nolct radiation 
suggested the utilization of secondary vrays produced by Roentgen radiation of 
the abdomen after previous filling of the colon with fluorescent matenal 
An adequate agent seems to have been found m a combination of flumenn, a 
mercury fluorescein preparation invented by White as a spirochaetoade, and 
roentgen rays Prompt and seemingly permanent disappearance of amebae was 
secured in chrome cases of years duration with rapid heahng of ulcers and per- 
manent disappearance of s>TTiptoms 

Intra\ntam axpenments in amebic colitis and m-vitro axpenments wnth para- 
mecia suggest that the generation of secondary x-rays within the mtestme probably 
plays httle if any role The phenomenon appears analogous to that discovered 
over 25 years ago by v Tappciner, w^ho observed that the sensitiveness of protozoal 
organisms to fluorescent substances is enormously increased m the presence of 
sunlight The possibibty of a mercurial effect has not been excluded 

EJJccts of Arsenic Injections on Endothelial Permeability By William F Peter- 
sen and (by invitation) T P Hughes, Chicago, III 

Therapeutic doses of arsenic (m normal dogs) produce a primary stimulation of 
endothehum This is of short duration and seems largely confined to mcreased 
permeabihty for water This is followed by a period of dimimshed perraeabihty 
both for water and for larger protem aggregates (hemoglobm) We beheve that 
this vanation is partly responsible for the change of w^eight of patients under 
arsenic medication With toxic doses the primary mcrease is not only for water 
but for colloids Even m these cases there is a short penod of recovery Then 
follows a final penod of mcreased permeability with other evidences of cellular 
injury (bile and erythrocytes m the lymph, as well as mcrease of sugar and phos- 
phates) This final period seems to be irreversible and is the basis for the toxic 
manifestations of arsemc poisonmg 

Studies of the Capillaries and Thebesian Vessels of Human and Cat Hearts By 
Joseph T Wearn, Boston, Mass 

Intracardiac mjections of India mk or dyes m hvmg cats under vanous condi- 
bons have made possible the quanbtabon of the capillanes of the heart A 
normally beatmg heart so mjected may show an even distnbubon of 2000 to 3500 
capillanes per square millimeter, and followmg the mjecUon of histamme the 
number may be as high as 5700 per square millimeter 
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These findings strongl> suggest a resen^e supplv of capfilanes m the heart 
Perfusion of the coronar> artenes vras earned out and the quantitv of outdov- 
from all sources follows 
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In perfusmg the coronary sinus and \ eins, all the perfusate escaped through the 
Thebesian \essels, whfle the perfusate through the Thebesian \essel3 escaped 
through the coronary smus 

None of these procedures ga\e a good mjection of the capillanes but mjected 
larger \essel5 completel> Perfusion of the Thebesian vessels injected \es5els 
similar to those mjected when perfusing the coronary artenes 
All these findmgs hold true for a dead cat's heart and show the existence of a 
large direct cormecUon between the coronary artenes and the chambers of the 
heart, m addition to the well known communication between the Thebesian vessels 
and the veins 

The Effect of Caff tin SodichBenzoattj Theohromin SodioSahcylatej TheophyJltr and 
Euphyllin on the Coronary Flcrj) and Cardiac Action of the Rahbtt By Fhed 
hi Smith and (by mvitabon) G H, hlnxER and V C Ghabhr, Iowa City, la, 
Caffem Eodio*benzoate, theobromm sodio-sah(ylate and theophyDin are gener- 
ally beheved to have a dilatmg action on the coronary ^cssels More recently 
euphy Urn has been said to augment the coronary flow to a far greater degree than 
either of the previously mentioned drugs The mvestigation of the action of these 
drugs has resulted m \ aryung results and m speculation on the part of the observ er 
chiefly because of the methods employed and of the fact that the factors which, 
influence the coronary circulation were not contrqlled 
The object of the present mvestigation was to determine the action of these 
drugs on the coronary \essels m concentrations that were estimated to appromnate 
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that jn man following the administration of a therapeutic dose and m expenments 
in which those factors inHucncing the coronary How were as nearly as possible 
controlled rurtlierraorc, the effect of euphyllin, which has far greater action on 
the coronarj' Tov than either calTcin sodio benroate, thcobromm sodio-salicylate 
or tlieophyllm was compared wiUi that of nitroglyccnn which is universally 
employed as a vasodilator 


Expcnmculal Coronary Eiiiholtsm By Walter W' Hambitrger and (by invita- 
tion) W S Priest, Jr , and Ralrii B Bett\un, Chicago, 111 

The purpose of tins investigation was to attempt to reproduce experimentally, 
chronic interstitial myocarditis in dogs by the injection of a suspension of lyco- 
podium spores into the coronarj' arculation This was earned out m a senes of 
twchc dogs and the immediate and remote effects of this embohe obliteration of 
small artenoles and capillaries w ere studied electrocardiographically, at varying in- 
tervals, follow mg Uie injection After death gross and microscopic studies of the 
heart were made 

The results of this study maj' be stated bncflj' as follows The pre-operative 
mjcction of morphin in dogs causes typical vagus stimulation effects ether 
narcosis in dogs is frequentlj' followed by inversion of the T-wave and prolongation 
of the P-R interx'al rclativclj' widespread and sudden obliteration of artenoles 
and capillanes from massive lycopodium spore injections results m immediate 
death of the anmial, the electrocardiograph show mg complete A-V dissoaation, 
auncular f utter, or ventricular fibrillation the injection of smaller amounts of 
Ij'copodium spores is compatible w'lth complete recovery of the animal, the electro- 
cardiograms m such dogs show'mg variously, mversion of mitial ventncular com- 
plexes, right ventncular preponderance, nodal rhythm, ventncular extrasystoles, 
etc , with primary and secondary mversion of the P-w'ave The apical areas of the 
hearts of these dogs show typical chronic mterestitial myocarditis scarcely to be 
distmgmshed from that occurring m man as a result of atherosclerotic obhteration 
of the smaller coronary vessels 


Experimental Heart Disease By George R Hekemann, New Orleans, La 
The hearts of 200 normal dogs were divided by the author’s midseptal hne 
method and by Lewis’ septum separation method The averages for all the sec- 
tional and projxirtional heart weights for this control senes were calculated The 
most important ratios w'ere as follows 
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Experrniental aortic insuffiaency was produced in 75 of 150 operated dogs 
Analyzed according to the tune mterval after operation (2 to S30 days) the maxi- 
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mum mcrcascs m the abo\c ratios, rcspecti\clv 47, 53, 47, 72, 75 per cent were 
found in the 70 to 110 da\ groups 

Comparing the heart ratios found under \anous experimental conditions, it 
was e\ndcnt that of the factors that determine the degree of hj’pertrophj , second- 
ai> mfection and the relative }outh of the dog are most important. Spartem 
and adrcnalm, as well as thjTOid feedmg were not conspicuousl> effective Pure 
traumatic lesions, cspcciall> m adults, produced very moderate changes Evi- 
dences of heart failure were noted only in dogs with endocarditis Spontaneous 
endocarditis developed m 6 pups imder poor h>giemc conditions, m 2 partunent 
bitches and apparently healed m 2 bitches who had had litters of puppies and 2 
who had had no puppies and m 2 male dogs 

Electrocardiograms showed d efini te evidence of left preponderance m only 
one instance, that of the dog with the maximum cardiac h>'pertroph> 
obtained 


Cinematographic Studies of Skin Capillaries tn the Living Human Subject By 
Alfred E Coks and (by mvntation) J Hamilton Crawford and H Rossev- 
BERGER, New York, N Y 

The method The capOlanes m the nail fold have been mvestigated, piatients 
he fiat m bed with the arm stretched out honzontall> at heart leveL The apparatus 
consists of (1) bghung system with heat filter, (2) microscope, (3) stand for 
holding and adjustmg finger, and (4) camera The number of exposures used was 
ten i>er second Room temperature v aned from 19 to 22^C The loops hav e been 
studied b> projectmg pictures, tracing their contour, and measurmg the calibre 
at correspondmg pomts (magnification 350) 

Normal mdividuals, auricular fibrillation, mitral stenosis, chronic myocarditis 
and aortic mcompetence were studied on consecutive days Both limbs vaned m 
calibre from moment to moment and from day to day m a similar manner Changes 
were more marked and sudden variations occurred more frequently m cases of 
heart disease Auricular fibrillation showed no dissimilarity from regular rhythm 
These changes were uninfluenced by digitalization They were unrelated to 
capillary contractihty or mdmdual heart beats Some cases of aortic mcom- 
petence showed changes which suggested pulsation while others did noL 

Blood fiow vaned m mdividual capfllanes In heart disease it was slower and 
more irregular Digitahs improved iL Pulsation was sometimes seen m aortic 
mcompietence A film was demonstrated 

Vasomotor Dilatation Following Sympathectomy By Leovard G Rownteee 
and (by mvitation) George E Beowa, Rochester, Minn 
A group of cases m which periarterial sympathectomv and lumbar sympathec- 
tomy were performed were studied to detennme the vasomotor and blood flow 
changes 

The first group included thrombo-angitis obhterans, Raymaud^s disease, erythro- 
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mclfilgia <incl endarteritis obliterans in which the Lcnchc operation was performed 
The second group included five eases in which Uic lumbar sympathectomy had 
been earned out for Uic relief of spastic paraplegia Tlie third group included one 
case of malignant hj^pcrtcnsion in whicli lumbar sympathectomy was earned 
out witli tlie hope of decreasing systemic arterial pressure and providing an area 
of diminished resistance which would dilate under strain and possibly protect the 
cerebral a essels 

The results of the Lcnche operation w'crc practically negligible with the excep- 
tion of one ease of Ra>'naud’s disease in which demonstrable vasomotor dilatation 
was demonstrated by the hand calonmctcr and skin temperature studies Marked 
vasomotor dilatation takes place in the vessels of the legs follow mg bilateral 
lumbar sjunpathcctomy as shown by the calonmetnc studies of the feet, skm 
temperature determinations and climcal exndcnce There was also complete 
absence of sw’caUng 

The Effect of Various Factors on the Degree of Compensatory Hypertrophy of the 

Kidney after Unilateral Nephrectomy * By Lois Lockard ]\IacKay and 

Eaton M MacKay (by invitation) and T Addis, San Franasco, Cal 

One kidney was removed from albino rats of known age raised under constant 
environmental condibons In an equal number of animals one kidney was ex- 
posed but not removed Each day the bod3’--w'eight and the consumption of a 
standard casem-starch-lard-vitamme diet adequate for growth and reproduction 
was measured They ware kept m a constant temperature room hghted through 
wmdow glass In measuring the effect of age 50 rats were used at each age period 
and m determmmg the effect of food changes 100 rats were used m each expen- 
ment The standard or experimental diet was given for 14 days before the kidney 
was removed or exposed and for 40 days after Then the animals were killed and 
the kidney weights obtamed Simple hypertrophy was measured by the per- 
centage mcrease of the weight of both kidneys of the exposed group on the expen- 
mental diet over the weight of the kidneys m the exposed group on the standard 
diet Compensatory hypertrophy was similarly measured by comparison of the 
percentage mcrease m the remaimng kidney m the nephrectomised group over 
half the weight of both kidneys of the exposed group Both forms of hypertrophy 
are expressed as per cent body weight 

* This work was aided by a grant from the Ella Sachs Plotz Foundation 
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Blood Diazo Reaction tn Cases vnlh Impaired Renal Function By G 0 Beoitk 
and (b> in\ntation) Margaeet Riggs and 0 Gaecla, St Louis, Mo 
Filtrates of blood plasma of nepbntic cases after preapitation of tbe protems 
with alcohol show a >ellow color reaction when treated with Ehrlich’s diazo 
reagenL The most marked reactions are seen in cases showmg uremic sjTnptoms 
The reaction is not gi\en by unc aad, urea, creatme, creatimne, glucose, imid- 
azole, phenyl alanme, guanine hydrochloride, guanidine hydrochlonde, adenme 
hydrochlonde, and adenine nucleotide Negative results were also obtamed with 
leueme, tyrosme, gljcme, hisudine, c>stme, and the bile aads 

Sulfates, sulfites, thiosulfates, and thiocyanates do not give the reaction H>- 
drogen and ammonium sulfide and organic substances con tainin g an —SH group 
all give the reaction, e-g , eth>l mercaptan, thio-acetic aad, thiophenol, and c>s- 
teme. Carbon bisulfide, eth>l sulfide and eth>l disulfide, and diphenyl disulfide 
do not give the reaction 

Phenol, mdole, and tryptophane also give the reaction 

W’hile the idenbtj of the substance responsible for the reaction m nephritic 
blood IS not definitely established it would seem to be a t>-pe of substance whose 
retention has not yet been clearly shown 

TJie Factors Causing Acidosis in Chronic Nephritis By Hahold A Bglgee (by 
mvitation) and John P Petees, New Ha\en, Conn 

In a senes of cases of chrome mterstiUal nephntis the morgamc constituents of 
the serum were detennmed m order to give some mdication as to the cause of the 
aadosis* The total base was determmed by Cullen and Robinson’s adaptation of 
Fiske’s urme method Bicarbonate, chlonde, phosphate and protem were also 
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melalgia and endarteritis obliterans m ^\hlch the Lcnchc operation was performed 
The second group included five eases in which tlie lumbar sympathectomy had 
been carried out for the relief of spastic paraplegia The third group mduded one 
ease of malignant hypertension in which lumbar S3Tnpathcctomv was earned 
out witli the hope of decreasing systemic arterial pressure and providing an area 
of diminished resistance which would dilate under strain and possibly protect the 
cerebral vessels 

The results of the Lcnchc operation were practically negligible with the excep- 
tion of one ease of Raynaud’s disease in which demonstrable vasomotor dilatation 
was demonstrated by the hand ailonmetcr and skin temperature studies Marked 
vasomotor dilatation takes place in the vessels of tlic legs foUowing bilateral 
lumbar sjonpatlicctomy as shown by the calonmctnc studies of the feet, skin 
temperature determinations and clmical candence There was also complete 
absence of sweating 

The Ejfcct of Various Factors on the Degree of Compensatory Hypertrophy of the 

Kidney after Unilateral Nephrectomy^ By Lois Lockaed jMacKay and 

Eaton hi MjVcKay (by mvitation) and T Addis, San Francisco, Cal 

One kidney was removed from albino rats of known age raised under constant 
environmental conditions In an equal number of animals one kidney was ex- 
posed but not removed Each day the body-weight and the consumption of a 
standard casem-starch-lard-vitamme diet adequate for growth and reproduction 
was measured They w'ere kept m a constant temperature room hghted through 
wmdow glass In mcasunng the effect of age 50 rats were used at each age period 
and m determmmg the effect of food changes 100 rats were used m each expen- 
ment The standard or experimental diet was given for 14 days before the kidney 
was removed or exposed and for 40 days after Then the animals were killed and 
the kidney weights obtamed Simple hypertrophy was measured by the per- 
centage mcrease of the weight of both kidneys of the exposed group on the expen- 
mental diet over the weight of the kidneys m the exposed group on the standard 
diet Compensatory hypertrophy was sunilarly measured by comparison of the 
percentage mcrease m the remainmg kidney m the nephrectormsed group over 
half the weight of both kidneys of the exposed group Both forms of hypertrophy 
are expressed as per cent body weight 

^ This work was aided by a grant from the Ella Sachs Plotz Foundation 
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tor> rate would increase the rate ot cbmination of carbon mono’ade m asphyxiated 
animals. This was cxpcnnicntall> ^cnfied m asphjToated dogs by keepmg the 
pulmonary ventilation constant and treating with aads (CO 2 and HQ) The 
significance of this m therapy is discussed 
(.2) The profound alteration of the normal ox>geii dissociation curve afiords an 
explanation of the anoxemia of carbon monoxide poisomng For example, m a 
subject whose blood is 50 per cent saturated with CO, although the blood has a 
load of ox>gcn 2 to 3 times the normal phj^aologic requirements, its unloadmg 
tension is drmmished to below 40 mm At this tension the oi> gen is relatively 
unavailable for tissue metabolism and the marked symptoms of carbon monoxide 
anoxemia follow 

On Biliary System Funciian By WiLUAii P Murphy (b> mvitation) and 
Reginald Frrz, Boston, Mass 

This paper reports a comparison of the Rosenthal modification of the phenol- 
tetxachlorphthalem li\er fimction test and the icterus mdex test in a senes of 
fifty cases The value of the icterus mdex as a practical and simple diagnostic 
test for disease of the bihar> s>’stem is emphasized A simple dimcal method for 
determining the icterus mdex is described 

The Signijicanu of BiUrubincmta as shenm by the Icterus Index Bj Alice R 
BEN'NHEiii (by mvitation) and Nellis B Foster, New Yod, N Y 
A number of estimations m diabetes melhtus show the icterus mdex to be hj^ 
m this disease. The high mdex is due to a hyperbihmbmerma, Carotmcmia is 
ruled out, as determinations were made while the patients were on a three-day 
milk dieL (Carotin and xanthophyll disappear from the blood after a penod of 
twelve hours ) 

A number of sugar tolerance tests were made on normal mdmduals to see whether 
high blood sugar bore any relationship to the hypeibihrabmemia The icterus 
mdex was seen to nse with the nsc m blood sugar The same test m diabetics 
showed a fall m icterus mdex with a nse m blood sugar 
The hver was stimulated by giving food, b> arousmg appetite, by liver function 
tests and by admimstenng a cholegogue. Under these conditions a definite 
relationship was shown to exist between blood sugar and bfiirubmenua- In 
diabetes a definite but different relation was disclosed. 

The liver m diabetes is disturbed m its gl> cogen storing capaaty GI> cogen is 
constantl> being converted mto sugar Presumably this entails a hyperactivity 
on the part of the hver 

The hyperbihrubmemia m diabetes seems to be another manifestation of the 
hji’peractivity of the Irver cell in this disease. 

The Effects of Adrenalectomy and Adrenal Cortex Extracts sn Muscular Fatigue 
B> J C Aub, and (by mvitaUon) W alter Bauer, Boston, Mass 
The function of the adrenal cortex is unknown There are two good ways of 
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determined standard procedures to obtain some idea of the distnbution of base 
among the various acids If acidosis is defined in the terms of Van SlyLe as a 
reduction of the bicarbonate content of Uic scrum it appears that the aadoszs of 
nephritis is caused by more tlian one factor The molar increase of phosphate 
\Nas insufTicicnt to account for the total decrease of bicarbonate and chloride A 
reduction of total base and increase of undetermined acids appeared to be the most 
significant factors, phosphate playing a somenhat less important role Sulfate 
could hardly account for all the undetermined acid, presumably organic aadsalso 
played a part The degree of acidosis appeared to be greatly influenced by varia- 
tions of chloride Frequently, especially with vomiting, chlonde was quite low, 
thus allowing more base for combination with bicarbonate and resulting in only a 
slight reduction of CO 2 With high chlonde, bicarbonate was sometimes extremely 
low 

Aadosis FoUminug the Feeding of t^Hydroxystcanc Ethyl Ester By Walter W 
Palmer and (by invitation) RiVNoOLPH West and Ethel M Benedict, New 
York, N Y 

This mvestigation was imdertakcn to attempt to determine w^hether or not an 
even carbon fatty aad with a negative group attached to the a, y , « or some corre- 
sponding carbon atom w^ould yield acetone on oxidation in the body 
i-Hydroxysteanc aad was prepared by the method of Saytzeff and estenfied in 
the usual manner The ester w as then homogenized to a cream with skimmed milk 
The acetyl value of the ester w^as 80-85 Three normal mdividuals were placed 
on a high fat diet and when excrctmg about 7 grams of acetone daily about half 
food fat was replaced by the synthetic product The acetone excretion dropped 
to 3 5 grams dail}*', and stool fat analysis showed that the product fed was absorbed 
It is of mterest to note that though the acetone falls, orgamc aad output remains 
almost unchanged, and it seems probable that the S 3 mthetic product is at least in 
part oxidized and not wholly stored by the body In one experiment, not tabu- 
lated here, m which i-oxysteanc ethyl ester having an acetyl value of but 40 was 
fed there was no reduction m ketosis It, therefore, appears that the non-hy- 
droxylated fraction of the product fed is ketogema 

The Change of the Oxygen Dissoctahon Curve of Blood hy Carbon Monoxide and Its 
Significance in Carbon Monoxide Foisonwg By William C Stadie, Phila- 
delphia, Pa, and (by mvitation) Ktrbv A Martin, New Haven, Conn 
The effect of carbon monoxide upon the oxygen unioadmg function of blood is 
expressed m a mathematical equation theoretically deduced Experiments tn 
viU 0 on blood with varying oxygen and carbon monoxide tensions validate this 
equation 

By means of the equation the oxygen dissoaation curve of blood, 50 per cent 
saturated with carbon monoxide, is plotted at a normal (7 4) and an aad (7 0) 
pH and contrasted with a normal curve 

(1) The curves predict that mcrease of aadity of the blood regardless of ventila- 
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nonnal indi\nduals, c\ cn though the calonc intake, eierosc, and mental state \7ere 
inconstant In the second group curves conformmg to a single tj-pe occurred, 
blood and urmc sugar being consistent!} cle'v'ated, but the unne showed much 
greater \anations than the blood sugar In the third group the change from the 
diabetic curves to nonnal curves as mduced b\ Insulin was shown In the fourth 
group a diagnostic relation between blood and urme cur\ es was found m the mfld 
and so-called renal diabetics In the fifth group, which was studied on the sup- 
position that recurrent furuncles might be associated with “peaks” of hi^ blood 
sugar, usuallv missed when the specimen is taken with the patient fastmg, the 
results were not conclusiv e 

The curves are of value as follows (1) Aid m the prompt recogmtion of mild and 
so-called renal diabetics, imder normal conditions of diet, as contrasted with the 
dextrose test meal (2) Permit use of large doses of Tnsulm to obtam rapid de- 
suganzing of patients, thus shortening hospital stav (3) Furnish an accurate 
idea as to dosage, the optimum time of administration, and amount of Insulin 
necessai} (4) Permit the detection of cases of persistent h}’perglycemia with 
negativ e urme 

Frequently Repeated Blood Sugar Ci/rnsr xr Non Diabetic Individuals B} Sxaxley 

Cobb and (b} mvatation) WiL G Leknov, Boston, Mass 

From two to twelve blood sugar curves were done on each of 100 health} or 
epflepUc mdividuals In a few of these mdivnduals, the form of the successive 
curves varied markedl} from time to tune, but m most the form of successive 
curv es was faul} uniform In two thirds of the cases, repeated administration of 
glucose resulted m a progressrv e lowenng of the sugar curv e. On mitial examina- 
tion, about 30 per cent of the persons showed a “diabetic type” of curve. Of those 
who had one or more repetitions of the test, more than one half had normal curves 
on the second or third examinatiotL If the administration of glucose was repeated 
after an hour or two, m case it was mjected mtrav enousl} , the second curve was 
almost alwa}’s shghtl} lower than the first. If the glucose was mgested, the second 
curves might be higher, lower or unchanged On the basis of the 350 blood sugar 
curves made, we feel that a smgle 6bservation of a high blood sugar curve, m 
Itself, is without value. The observations suggest that m certam mdivnduals the 
administration of glucose stimulates the glucose disposmg mechanism of the body 
so that it handles subsequent doses of glucose more easfl} 

The Action of Adrenalin Chloride on the Circulation in Han Bv H. FrEXD, Jr , 

(b} mvntation) and A. V Bock, Boston, Mass 

Despite obseivabons m the hterature that, under certam circumstances, at 
least, adrenahn causes v^aso-dilator effects, the impression still prevails that it 
raises blood pressure b} peripheral constnctioii. Our experiments on the rate of 
blood flow and other associated phenomena mdicate that the mriin action of 
adrenahn is upon the output of the heart, which is greatl} mcreased, and that no 
demonstrable penpheral constnction occurs. 
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investigating it after extirpation of the adrenal tissue (I) by finding an active 
cortical extract v^hicli will maintain life, or (2) analyzing physiological changes 
vhich occur Experiments on the duration of life in cats have so far only in- 
creased our average from 32 hours m untreated animals to 55 hours in injected 
ones Glucose improved marked adrenal insufiicicncj’' only temporarily 
Upon analyzing reactions of cats after adrenalectomy it seems obvious that they 
can make sudden movements with considerable force, but prolonged effort is 
impossible We ha\c tlicrcforc determined the amount of work individual muscles 
can do when left wiUi an intact blood supply but pullmg against a spring of known 
strength About 17 hours after adrenalectomy such a preparation averages far 
less vork than do normal controls This offers a method for studying individual 
factors, also the effects of extracts upon this condition Extracts which contain 
adrenalin increase contractions during the time of injection, but in prelunmary 
expenments a cortical extract has given prolonged increased contractions for over 
twenty minutes The correct active pnnaplc, however, should probably do this 
for several hours 

We are continuing tliesc expenments 

Siudtcs Bcarmg Upon the Composition of Rachitic Bone B3’'W McK AlAimiorr, 
B Kramek and J Holland, Baltimore, Md 

From the analyses made upon the bones of children and of rats, it may be said 
that the calcium phosphate compound in all bones, rachitic and non-rachitic, 
IS tncalcium phosphate It is possible to show that the proportion of calaum phos- 
phate to calaum carbonate is greater in the bones of the normal than m the 
rachitic rat Analyses of human bones show that this is also true of children 
Preapitates made from solutions comparable m their inorgamc composition 
to human scrum show that these preapitates contain essentially the same calaum 
phosphate compound as bone and that the ratio of calaum phosphate to calaum 
carbonate, other conditions bemg the same, vanes directly with the morganic 
phosphorus content of the solution just as do the bones of rachitic and normal 
animals This must not be taken to mdicate a behef that calcification is a simple 
preapitation There are other factors that must be taken mto account 

Observations on the So-called Occult Urine Sugar with Particular Reference to the 
Blood Sugar Level By L W Gorham, Thomas Ordway and (by mvitation) 
Frank T Huested, Albany, N Y 

Specimens of blood were examined every two hours by the miao method of 
Randles and Gngg, and two hourly specimens of unne were exanuned for their 
sugar content by the Benedict-Fohn-Hawk Method 

Curves were charted m senes of cases represented m the following groups 
(1) normal mdividuals, (2) Untreated diabetics, (3) diabetics imder insulm, (4) 
so-called renal diabetics, (5) staphylococcus skin infections 
In the first group characteristic normal curves were detemuned on varying diets 
Average normal curves were made which showed only shght variations m different 
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normal mcli\nduab, e\ cn though the calonc intake, exerasc, and mental state v'ere 
inconstant In the second group curves conforming to a single type occurred, 
blood and unne sugar being consistent!) ele\ated, but the unne showed much 
greater \anations than the blood sugar In the third group the change from the 
diabetic curv cs to normal curves as mduced b> Insulm v as shown In the fourth 
group a diagnostic relation between blood and unne curv es was found in the mild 
and sonmllcd renal diabetics In the fifth group, which was studied on the sup- 
posibon that recurrent furuncles might be associated with "peaks” of hi^ blood 
sugar, usually missed when the specimen is taken with the patient fasting, the 
results were not conclusi\ c 

The curv es arc of value as follows (1) Aid m the prompt recogmbon of mild and 
so-called renal diabetics, under normal conditions of diet, as contrasted with the 
dextrose test meal (2) Permit use of large doses of Insulm to obtam rapid de- 
suganzing of patients, thus shortenmg hospital sta> (3) Furnish an accurate 
idea as to dosage, the optimum time of administration, and amount of Insulin 
necessar) (4) Permit the detection of cases of persistent h>'pergl) cemia with 
negati\ e unne 

Frequently Repeated Blood Sugar Cur^ \n A^on Diabetic Indi^duals Bj SiANLETi. 

Cobb and (b> mvitation) Wm G Lbnnox, Boston, Mass 

From two to twelve blood sugar curves were done on each of 100 health) or 
epileptic mdividuals In a few of these mdividuals, the form of the successive 
curves vaned markedl) from time to tune, but m most the form of successive 
curves was fairly uniform In two thirds of the cases, repeated administration of 
glucose resulted m a progressive lowering of the sugar curve On mitial examina- 
tion, about 30 per cent of the persons showed a "diabeUc t)"pe” of curv e. Of those 
who had one or more repetitions of the test, more than one half had normal curves 
on the second or third examination If the administration of glucose was repeated 
after an hour or two, m case it was mjected intrav enousl) , the second curve was 
almost alwa)’s shghtly lower than the first- If the glucose was mgested, the second 
curves might be higher, lower or unchanged On the basis of the 350 blood sugar 
curves made, we feel that a smgle Observation of a high blood sugar curve, m 
Itself, IS without v^ue The observations suggest that m certam mdividuals the 
administration of glucose stimulates the glucose disposmg mechanism of the body 
so that It handles subsequent doses of glucose more easil) 

The Action of Adrenalin Chloride on the Circidation in Man By H- Field, Jr, 

(by mvitation) and \ V Bock, Boston, Mass 

Despite observations m the hterature that, under certam arcumstances, at 
least, adrenalm causes vaso-dilator effects, the impression stfll prevails that it 
raises blood pressure by penpheral constriction Our experiments on the rate of 
blood flow and other associated phenomena mdicate that the mam action of 
adrenalm is upon the output of the heart, which is greatl) mcreased, and that no 
demonstrable penpheral constnction occurs 
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The Rate oj Blood Flow or Detenmued by a Ncio Method By Francis W Pea- 
body and (l)j nuitation) IIirpmann L UimfCAUT and Otto C Yens, Boston, 
Mass 

The method nUli/cd is as /ollons The active deposit of radium is injected at 
one point and its lime of arrival at another point noted In rabbits, the marginal 
car vein and Uie foot were the two places arbitranh chosen 
Tlic various devices for detecting the presence of mmutc quantities of radium 
depend on the radiations continuall} emitted from the radium atom These 
radiations can penetrate tissues and ordinarj matenals but can be completely 
stopped by suflicicnt tlncknesses of lead The animals are separated from the 
detecting device by Uiick blocks of lead except at one point I\Ticn the blood 
carr}ang the radium active deposit reaches that point, the radiations, instead of 
being stopped by the lead, will penetrate through the air and be registered by the 
detector 

For the purpose of detection we have utilized a needle electrode ionization 
chamber and also a cjdmdncal ionization chamber Within the past few weeks we 
have had promising results using the cloud method of C T R Wilson On man, 
the active deposit has been injected into the vein of one arm and detected at the 
w^nst of Uic other arm At present we arc making further observations on human 
subjects to determme more accurately the clinical feasibility of this method 

The Ejfcci of Excluding Pancreatic Juice from the Duodenum on the Motility of the 
Stomach and Small Intestine ByJ H Pratt and (by mvitation) L Whitaker, 
Boston, j\Iass 

Study was made on dogs m which the pancreas had been completely separated 
from the duodenum The passage of food from the stomach through the intes- 
tines was determmed by the Roentgen ray The stomach emptied much more 
rapidly than in health and the passage of food through the upper portion of the 
small intestine was accelerated 

The Absorption of Btle Pigment from the IniesHne By M A Blankenhorn, 
Cleveland, Ohio 

A method is presented to study the bile contents of dogs^ portal vem blood 
Portal vem blood was compared with jugular vem blood as to the content of bile 
pigment There is evidence to show that portal vem blood contams more urobiln 
than does jugular vem blood, and that absorption of urobilm takes place from the 
mtestine 

An Hypothesis Concerning the Transportation of Water in the Body By Thomas 
E Buckman and (by invitation) Dan C D arrow, Boston, Mass 
Smee Starlmg demonstrated the magnitude of the osmotic pressure exerted by 
the colloids of the blood plasma, it has been generally held that the resorption of 
water on the venous side of the capillary meshwork is due prmapally to the fall 
m the hydrostatic pressure of the blood 
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Evidence 05 here presented to shovr that another mechanism may influence the 
transfusion of -water between blood and tissues This mechanism is dependent on 
the mercase m the osmotic pressure of the blood plasma -which accompanies 
incrcasmg tensions of carbon diovide to which the whole blood is exposed, a change 
m a general wa> proportional to the mcrease m the bicarbonate content of the 
plasma 

The effective pull of the blood in regions of higher carbon dioxide tension would 
depend, m part, on the diflerence between the bicarbonate content of arterial and 
xenous plasma This diflerence, m turn, would be influenced bj (1) the shape of 
the carbon dioxide dissociation curve of the blood and (2) the diflerences between 
the tensions of carbon dioxide and ox>gen m the lungs and tissues 
Some data concerning the causes of shape diflerences m diflerent carbon dioxide 
dissociation curv es are presented and also certain chnical observaDons which might 
be accounted for on the basis of the conception here set forth- 

Transfusion of Lyirphocytcs and Their Rapid Disappearance from the Ctrculalion 
of an B> Raphael Isaacs and George R Mesot, Boston, Mass 
"WTiole blood from a case of chronic bmiphatic leuhemia (white blood cells 89,000 
per cubic millimeter, 95 per cent l>Tnphoc>*tes) was transfused mto a patient with 
generalized l>Tiipho-sarcoina (white blood cells 6400 per cubic millimeter, 15 5 
per cent l>Tnphoc>'tes, hemoglobm, 50 per cent) The Iymphoc>"tes m the penpfa- 
eral circulation of the reapient mcreased to 42.5 per cent after the transfusion, 
but dropped to 25 per cent in one-half hour and reached the pretransfusion per- 
centage -withm two and one-quarter hours 

Factors of Dehydration FoHoronng Pylonc Obstruction * Bj Jaites L Gauble, 
M D , and (by mvitation), jMiotioe A Boston, ilass 

Data obtained from rabbits consist of measurements of water, chlondes and 
fixed base m the gastnc contents of controls and after closure of the p>Ionis 
The> show, follo-wing pjlonc obstruction, a secretion of water, chlondes and fixed 
base mto the stomach of from two to three times the estimated initial total plasma 
content 

A chief point of these findmgs is the large loss of fixed base From the pomt of 
-view of dehydration, the loss of base is the significant factor smee it represents an 
absolute depletion of the bod^’^s content of dissoh ed electrolytes, whereas loss of 
chlonde ion is replaced by mcrease of bicarbonate ion 

Haden and Orr regard the action of sodium chlonde as protecti\ e against a toxic 
substance rather than simply reparati\e of deh>dration The> state that the 
chlonde lowering m the plasma is onlj m part explamed b> loss m -v omited secre- 
tions They find that it occurs when there is httle ^ omituig and m rabbits which 

• A complete report of this work appears m The JouR^AL of Cubical Ik^xstt 
CATION, 1925, 1, 531 
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cannot vomit Thc> believe tliat chloride leaves tlie plasma in offensive quest 
of a toKic substance 

Our rabbits did not vomit Thcj% however, lost into their stomachs several 
times the total plasma capacit> for chloride That any chlondc at all is found m 
the plasma proves a movement m the direction opposite from that surmised by 
Iladcn and Orr 

T//C EJfcct of lodtuc by Moitlh on the Reaction to Intravenous Injections of Thyroxin 
By C Stukgis and (b\ invitation) Salv^vdor Zunnu\K, Gxnr W Wells 
and I'liEODORE Badger, Boston, IVIass 

The recent obscr\^ation that the oral administration of iodine results in a striking 
reduction m the basal metabolism of patients with exophthalmic goiter adds new 
information to our knowledge winch may have important bcanng on the phys- 
iology and plnsiological patholog}*' of the Ui 3 TOid It is not dear, however, 
w^hether tlie pnncipal mode of action of iodine in produang this remission is by 
causing some anatomical alteration in the IhjTOid gland or by exertmg some 
effect on the product secreted by the gland In an endeavor to gather further 
information on this subject, rabbits w^crc injected wnth small doses (1 mgm on 3 
successive days) of th>To\in, and their response determmed by recording their 
pulse rate, body-w eight, and ox}"gcn consumption daily for a long penod The same 
animals were then given Lugoks solution orally for a vanable penod and again 
received similar injections of thyroxin There was no evidence that the lodme 
had any effect on the action of thyroxin as the animals responded m the typical 
manner If exophthalmic goiter is due to pure excess of the thyroid secretion, 
which some hold, then the action of lodmc in produemg a remission is not due to its 
effect on the circulatmg th 3 n:oMn 

The Static and Kinetic Representations of the Efferent System in the Psychic Sphere 
By J Ramsay Hunt, New York, N Y 

In previous communications the dual nature of the efferent nervous system has 
been presented and its bearing on the mterpretation of motor disorders Accord- 
ing to this conception, movement is subserved by a kmetic, and posture by a 
static mechanism, which present a parallelism of function and structure 
at all physiological levels of the efferent nervous system, vegetative and cerebro- 
spmal 

This paper considers the kinetic and static representations of the efferent system 
m the purely psychic sphere Evidence is presented in favor of the view that 
thinking is a kinetic representation, while decision, conclusion and behef are repre- 
sentations of static function Therefore movement and posture are represented 
m mental processes by thinking and behef respectively The relation of thinking 
and behef to certam morbid mental processes is considered 
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The Resistance of Immature Erytfrccytes to Hcat^ B> Raphael Isaacs and 
George R Minot, Boston, Mass 

The red blood corpuscles of normal human blood, v'hen heated to 55^C for 
one-half hour, undergo a profound and characteristic modification, vnth the pro- 
duction of fragmented forms, “shadows,” microcj'tes, poikfloc>"tes and a uniform 
distribution of the hcmoglobm throughout the celL No noteworth> visible 
changes tahe place at 45°C to 50^C but at 65°C complete destruction occurs 
Immature erythrocytes, reticulocytes, poly chromatophflic cells and granule red 
cells, of both normal and pathological blood are much more resistant when heated 
to 55® C than mature erythrocytes, with the apparent exception of reticulated 
megalocytes The difference between the effect of heat on the red cells of normal 
and pathological blood is not quahtatrve, it is quantitatn e, proportional to the 
number of immature cells 

There are two Linds of red cells which show no histological evidences of imma- 
turity, and are classed as mature corpuscles One kind resists the action of 
heating to 55°C while the other is broken up and altered The former, represent 
a majonty of the red blood corpuscles m chrome hemoly’tic jaundice so that the 
bulk of the red cells of this condition remam conspicuously intact after heating 
They are probably the y oimger of the mature cells 

A Report of Fifty Patients sufertng from Gra^' Disease and under Obserra^ion 
for Four Years By Leo Kessel and (by mvitation) H. T Hyuan, New York, 
N Y 

A report of the further progress of fifty' patients who suffered from Graves' 
Disease and who are now at the end of the fourth year of observation, who have 
received no specific therapy, whose progress has been estimated by subjective 
symptoms, by objective methods particularly pulse rate and basal metabolism, 
exophthalmometer readings and weight, and by a standard as to their economic 
and soaal restitution Thus report is to serv e as a control to a senes later to be 
reported, m which the same regime was followed except that a sub-total thyToi- 
dectomy was done on senes I and m senes 11 Lugol's solution was administered 
before thyroidectomy was done 

It IS hoped that at the completion of the observations of these senes a defimte 
therapeutic policy can be established for the management of patients suffenng from 
Graves' disease 

Studies of the Vascular Features of Polycythemia Vera By George E Brown 
( by mvitation) and Herbert Z Gutin, Rochester, ilinn. 

The basis of the paper is the study of fourteen cases An mcreased viscosity 
was present m alk The highest readmg was 1 UJ2 (normal 1 L5) With a 

*A complete report of this work appeared m The Journal of Clinical Ik- 
VESTIGATION, 1925 , 1 , 425 
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normal red cell count Ujc viscosity was frequently increased The total circu- 
lating blood volume vas increased m all cases, the average being 10,300 cc or 
166 cc for each kilogram Cell hematoent values vaned from 58 to 70 and 
averaged 62 In t\\ clve eases in the nail fold the venous lunb of capiUancs and 
the collecting venules vere markedly engorged, and in four cases the artenal limb 
vas engorged All available capillancs verc utilized The capiUanes reached 
their normal size vhen the total circulating blood volume had decreased to 106 cc. 
for eacli kilogram Engorgement of tlic retinal veins disappeared at the same 
volume Cardiac enlargement and cardiac lesions were noticeably absent The 
liver \\as only slightly enlarged The size of the spleen bore a direct relationship 
to the degree of total circulating blood v'olumc The engorgement of the vessels 
and the increase in vnscosity had no effect on the elevation of artenal tension 
The venous pressures u ere slightly higher than normal, the capillary pressures were 
normal Renal function was only slightly impaired Heat production in the 
foot showed abnormally marked fluctuations In polycythemia, the capiUanes 
and venules have a storage function, this in association with retardation of flow 
affects fundamentally the mechanism of heat dissipation 


Energy Expenditure during Mechanical Work in Obese, Normal, and Thin People 

By Solomon Strouse and (by mvitation) C C Wang and Zelma OwrEN, 

Chicago, 111 

Grow mg out of the invcstigabons of the energy metabolism of obesity a com- 
parison of the energy expended for mechanical work among obese, normal, and 
thm subjects w as undertaken Tissot respuration apparatus was employed as m 
our previous work The energy expended for mechamcal work was measured 
by a bicycle ergometer 

Thurteen obese, ten normal, and six thm people served as subjects Normals 
were those whose w'cights varied between plus ten and mm us ten per cent from 
them standard weights 

Results are expressed m terms of mechamcal efficiency Figures show that the 
obese spend more energy on a given piece of work than the normal, and the thm 
people are more efiiaent than either of the other groupis The respiratory quo- 
tients are mvanably mcreased dunng exercise and the mcrease is directly pro- 
portional to the mechamcal effiaency of the three groups 


The Reactivation of Inactivated Insulin in Vitro and in Vivo By Albert A 

Epstein, New York, N Y 

Previous studies have estabhshed that trypsm can mactivate msuhn m vitro 
and m vivo, and that this function m vivo may play an important rdle m the 
causation of diabetes 

Insuhn may be dissociated from trypsm m vitro by shiftmg the hydrogen ion 
concentration of the substances m solution to the acid side of 4 6 It becarne 
necessary to ascertam whether dissociation could be eflfected m vivo Obvious y 
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the h> drogcn ion concentration of the body fluids could not be altered to the point 
nccc5sar\ for the dissociation of insulin Hence other means ’were tned and these 
results obtained 

1 Upon addition, m vitro, to macti%ated insulin (trypsuhn) of such substances 
as pepsm, saframn, and ayogemn (m-benzanunosemicarbazide) liberation of 
Tn«?ulm takes place, as evidenced b> results obtamed from mjection of these mix- 
tures mto suitable test animals 

2 These agents (pepsin, saframn and cn ogemn) can dissoaate insulin from 
tiy’psm m wo Injection of suitable amounts of these substances (subcu- 
taneously or mtravcnouslv) just pnor to parenteral administration of mactivated 
insuhn causes its liberation and the production of its physiological effects 

Therefore if diabetes is the result of insulin defiaency caused by inactivation of 
ms uhn by try^psin, then the possibHity of reactivating msuhn m vivo may be of 
practical therapeutic importance 

Absorption Cur^e of Spinal Fluid By A T Shohl and (by invitation), S Kare- 

LTTS, New Haven, Conn 

A study os being made of the aad-base cquilibnum of spinal fluid, to apply to 
phy’siological and clinical problems The absorption curve has been studied by 
saturation with the Van Slyke et al techmque by use of a new type of tonometer 
which permits both saturation and colorimetric pH determination and samplmg 
for CO2 content without transfer or exposure to air By this method, values for 
pKi are obtained which permit calculation of the tension of CO2 m spinal flmd 
without requirmg absorption curves 

The Influence of Temperature on Acid Base Equilibrium tn the Blood By J H. 

Austin and (by mvitation) G E Cuixen and H, W Robiksov, Philadelphia, 

Pa, 

In the study of blood aad base equilibnum under conditions of varying tem- 
perature there are four variables of which the temperature coeflSaent must be 
taken mto account, 

1 The solubflity of CO3 

2 The value of pK' of the Henderson-Hasselbalch equation Cullen, Keeler 
and Robinson found 


ApK' 
A t“C 


-0 005 


3 Change m the locafaon of the CO2 absorption curve. This is best stated as 
the change m pH with temperature at constant [BHCOa] Stadie and I^Iartm 
found for whole human blood 


A pH 

A t®CjBHCOil constant 


- 0 022 
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normal red cell count Uic viscosity vns /requenUy increased The total circu- 
lating blood volume was increased in all eases, the average being 10,300 cc or 
166 cc for each kilogram Cell hematoent values vaned from 58 to 70 and 
averaged 62 In twelve eases in the nail fold the venous limb of capiUanes and 
the collecting venules were markedly engorged, and in four eases the artcnal limb 
w’as engorged All available capillaries were utilized The capillaries reached 
their normal size when the total circulating blood volume Jiad decreased to 106 cc. 
for each kilogram Engorgement of the retinal veins disappeared at the same 
volume Cardiac enlargement and cardiac lesions were noticeably absent The 
hver was only slightly enlarged The size of the spleen bore a direct relationship 
to the degree of total circulating blood volume The engorgement of the vessels 
and the increase in \nscosity had no effect on the elevation of artcnal tension 
The venous pressures w ere slightly higher than normal, the capillary pressures were 
normal Renal function was only slightly impaired Heat production in the 
foot showed abnormally marked fluctuations In polycythemia, the capdlanes 
and venules have a storage function, this in association with retardation of flow 
affects fundamentally the mechanism of heat dissipation 


Energy Expenditure during Mechanical Work in Obese, Normal, and Thin People 

By Solomon Strouse and (by mvitation) C C Wang and Zelma Owen, 
Chicago, lU 

Grow'mg out of the investigabons of the energy metabohsm of obesity a com- 
parison of the energy expended for mechanical work among obese, normal, and 
thm subjects was undertaken Tissot respiration apparatus was employed as m 
our previous work The energy c.xpcnded for mechamcal work was measured 
b}’’ a bicycle ergometer 

Thirteen obese, ten normal, and six thm people served as subjects Normals 
were those whose weights varied between plus ten and minus ten per cent from 
their standard weights 

Results are expressed in terms of mechamcal efficiency Figures show that the 
obese spend more energy on a given piece of work than the normal, and the thm 
people are more efficient than either of the other groups The respuatory quo- 
tients are mvanably mcareased dunng exercise and the mcrease is directly pro- 
portional to the mechamcal efficiency of the three groups 


The Reactivation of Inactivated Insulin in Vitro and in Vivo By Albert A 
Epstein, New York, N Y 

Previous studies have estabhshed that tiypsm can inactivate msuhn m vitro 
and m vivo, and that this function m vivo may play an important r61e m the 
causation of chabetes 

Tr)giihn may be dissoaated from trypsm m vitro by shiftmg the hydrogen ion 
concentration of the substances m solution to the acid side of 4 6 It became 
necessary to ascertam whether dissoaation could be effected m vivo Obviously 
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The Inilncncc of Various Factors upon the length of Systole in Man as Measured by 
the Electrocardiogram B> Howard B Sprague (b> invitation) and Paul D 
White, Boston, ^lass 

Our m^ cstigations ha\c verified the vrcll known fact that the most ob^nous 
influences determining the length of systole are the factors which control the rate 
of the heart. These are probabI> \TLnous influences concerned m the nervous 
mechanism of the heart beat. The duration of s> stole m a normal control senes 
of adult males and females and chfldren has \ aned from 0 4404 second at a pulse 
rate of 53, to 0 2637 second at a rate of 120 In addition to this normal relation- 
ship between heart rate and systolic length the influence of other factors, such 
as cardiac failure, blood pressure, heart size, drug therap> , exerase, and hyper- 
tbyroidism are being [studied 

A Preliminary Note on the Blood and Cerebrospinal Fluid Chlorides tn Chronic 
Nephritis and Uremia B> John B Youhans (b> mvitaUon) and Frank X 
Wilson, Ann Arbor, Mich 

Studies of the influence of vanous ions m convulsive states, as tetan> , and the 
mvestigations b> W^eed and W’^egeforth and by Colhp on the effect of intradural 
mjections of electrolytes, suggest that an mcrease m cerebrospinal fluid chlondes 
may play a r6Ie m the production of convuIsi\ e uremia. 

To mvesbgate this possibflity the concentration of chlondes m the blood and 
cerebrospinal fluid of patients with chrome nephntis, with and without uremia, 
was determined 

Twent>'One patients were studied Seven developed convulsive uremia Of 
the seven, four had 800 to 840 mgm. of chlondes per 100 cc. of cerebrospinal fluid, 
and one 770 mgm Two had normal amounts, but agonal changes ma> have 
influenced the results Fourteen patients without uremia gave normal findings, 
except one who had 792 mgs 

Simultaneous blood chlonde determinations showed mcreased concentrations 
m patients with mcreased chlondes m the cerebrospinal fimd, but maeased blood 
chlonde concentrations occurred mdependently of mcreased cerebrospinal flmd 
chlondes or uremia No constant relation was established between increased 
spinal fluid chlondes and such factors as blood non-protem mtrogen, blood pres- 
sure edema, etc. 

Eleven patients without nephntis (normal, syphilis, cardiac failuie, eta) gave 
low or normal figures for the chlondes of the cerebrospinal flmd 

Intracardiac Fisiulae By C S Beck (b> mvitation), E C Cutlee and (b> 
mvitadon) Famx Hoiaian, Qeveland, Ohio 

Experiments were performed m which fistulae between the heart chambers 
were established m an attempt to stud> the circulation under the conditions im- 
posed m certam forms of congenital heart diseasa It appeared to us that the 
dilatation of the heart c h a m bers and the muscular hypertrophj found repeatedl> 
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^Yc find tins value to be -0 02 0 003 for v.holc blood, true scrum and sepa- 

rated scrum of boUi dog and sheep 

4 The cliangc in the neutral point, i c , 1/2 pK uatcr Between 10° and 45°C 
tins IS about 


A (J pK V a ter) 
A t°C 


- 0 014 


The Coatiug of Bacteria hy Agglulnun m Specific Bacterial Agglutination By 
Gerald S Siiibiey (by in\ nation) and A R Dooiez, New York, N Y 
The specific charge reducing effect of agglutinating sera observed m work vnth 
parat3T>hoid bacilli and pneumococa has been determined for ten additional 
organisms Y here the cataphorctic charge is liigh without scrum, it is specifically 
reduced, where low, it is raised In allcases, no matter what the initial charge 
(range, 40 to 5 m\), high concentrations of sera bnng the charge to a common 
potential Iciel (8 to 14 mv) Locb has shown that protem coated collodion par- 
ticles lake tlie cataphorctic charge of these proteins Sensitized pncumococa 
compared with pneumococcus antiserum cuglobulm particles (agglutinm) show 
identical cliargcs Probablj'^, tlicrcforc, the first step in specific agglulmation is 
selective coating of bactena bj'' specific agglutinins, and charge changes observed 
arc the result of this Locb has shown that collodion particles coated with crystal- 
hn egg albumin behave, as to stability m suspension, as if the albumm film were 
denatured Bactena treated with agglutinating sera (coated) act also like de- 
natured protems It is probable that the speafic globulms of agglutinating sera 
that coat bactena are similarly denatured and that the resulting flocculation is 
due to this ‘‘denaturation ” Prehmmary experiments with globulms and collo- 
dion particles bear out this explanation of the mechanism of specific bactenal 
agglutination 

Interruption of Complete Heart Block by Sequential Beats tn Early Diastole Exem- 
phfytng Recovery Phase of Cardiac Muscle By Charles C \Volperth, 
Philadelphia, Pa 

A patient m whom prolonged conduction penods were observed for two years 
finally developed complete dissoaation, although sequential type of beating could 
be temporarily restored by atropm Several times, traemgs were obtained showing 
mterruption of complete dissociation by response to auricular beats fallmg within 
a certam range of early diastole This temporary recovery of abihty to transmit 
impulses has been reported by Lewis and Master who attribute it to super- 
normal recovery phase described by Adrian and Lucas The number of clinical 
cases now desenbed (three) undoubtedly demonstrates a tendency dunng heart 
block toward a recovery phase of junctional tissues in early diastole That this 
recovery phase is of the nature of the response desenbed by Adrian and Lucas 
mvolves assumptions that can not be established at present 
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A girl aged sc\ en > cars, rouUncl> ra> cd pnor to tonsillectom> , showed thjmus 
h\’pcrtroph> After three radiations, weight increased about 7 pounds within a 
month 

The Mccharism of Death from Qiiimdine and Methods of Resuscitation An 
Experimental Stud\ •* By Burgess Gordoy and Marcel Matton (b> invita- 
tion) and S A Levtne, Boston, Mass 

Unexpected and unexplained deaths ha\e occasionallj occurred during 
the cbnical administration of quinidmc m treatment of certain heart con- 
dibons One fatabt> we observed showed a pecubar difficulty in breath- 
ing and presented a picture of a more general toxic state than is ordinarfly 
seen with heart failure Death was gradual and autopsy showed no evi- 
dence of emboli 

With the above expenence in mind, the method of death m quimdine 
was studied m cats It was found that although definite heart intoxication 
took place, a most important factor that has been hitherto neglected was 
also mvoh ed, i e , the respiratory mechanism It was a constant finding that 
the respiration fafled before death and that this failure of respiration could not 
be entirely accounted for by a lowered state of the orculatiorL It was also 
found that when respiration had ceased, following such doses of qumidme as 
man> previous experiments had mdicated to be fatal, if artifiaal respiration were 
instituted, the gnima l could be sa\ ed and complete recovery take place. The 
administration of cafiene had a similar action m resusatation, but was not as 
dependable The best and most speed> results were obtained when both arti- 
ficial respiration and cafiene were employed 

The Storage of Inorganic and Food Iron in the Liver, Spleen and Bone Marrorjo 

By Charles Spencer Wuxiamson, Chicago, ILL 

The question as to the storage of non has been one that has been answered both 
pro and con The question is mtimatel> connected with the formation of hemo- 
globm In a senes of experiments, which have been earned on for about two 
> ears, the results of which are bemg reported at another meeting, the wnter has 
shown that morgamc, medicinal iron may be stored up m large quantities m these 
organs 

The present research has been undertaken to see whether true organic iron, 
that is food non, is stored up m the same wa> , and if so, whether such storage 
adds to the available reserve supply of hemog^obm Along with this, the behavior 
of the blood hemoglobm has been studied with methods of precision, spectro- 
photometncall> 

This question is of considerable importance m that it pomts out a possibflit> of 

< A complete report of this woik appears m The Journal op Cltshcal Investi- 
gation, 1925, 1, 497 
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at autopsy in cases of patent mtcrauncular and intcrvcntncular septa were un- 
explained by previous conceptions It vas our feeling that the interpretation of 
peripheral fistulac, as demonstrated experimentally and clinically by one of us 
might well be applicable to these congenital conditions, i c , the changes might be 
due to increased blood flow Uirough that portion of Oic system into whidi the 
larger stream of blood is dixcrtcd b} the defect 

Intciw^ntncular fistulae were established by the use of knives and the modified 
cardiovahailotome, used b\ us in the establishment of valvular insuffiacnaes 
Under these conditions studies of blood pressure, blood volume, changes in the 
heart S17C as demonstrated by the X-ra>, and subsequent examinations were con- 
ducted These studies demonstrated that the capaaty of the chambers of the 
heart and the alterations in their musculature seem to be determined by the nunute 
X’^olumc flow through them 

Mttahohsin Studies vi Exophthalmic Goiter Complicated hy Diabetes By Walter 
j\I Bootubx and Russell j\I ilder, Rochester, ]\Iinn 
Approximately complete metabolism data on two patients having exophthalmic 
goiter complicated by diabetes were presented These studies, supported by 
several other eases Jess complctcl}" investigated, showed that the exophthalmic 
goiter S3mdrome matcnally reduces the abilit}" of a diabetic patient to utflize 
carboh^^drate, decreases the cfliciency of a unit of msuhn and mcreases the danger 
of a sudden onset of diabetic coma The marked improvement m the ability of 
tlic patient to utilize carbohydrate, as tlie exophthalmic goiter s>mdrome is con- 
trolled by lodm (Lugofls solution), was clearly brought out The climcal impor- 
tance of recogmzmg the exophthalmic goiter comphcation m cases of diabetes was 
emphasized and it was pointed out that this comphcation should be suspected as 
the possible significant factor in those diabetic patients who are not readily con- 
trolled b}'' ordmary measures 

Thymus Enlargement By H Gray, Santa Barbara, Cal 
In any child w^hose grow^th is retarded, thvmus enlargement merits a thought 
Three suggestive cases follow 

A boy aged six years was coughmg X-ray showed a broad shadow m the 
second mterspace Diagnosis of tuberculous nodes was rejected m favor of the 
thymus After the photograph alone, the cough improved and was completely 
reheved after three radiations Re-ray showed diminution of the shadow Durmg 
the ensumg year growth was rapid m height 45 per cent and m weight 131 per 
cent more than the average yearly mcrease for his age 
A second boy, aged nine years, was backward compared with his brother a year 
yoimger, height was 10 per cent sub-normal, teeth were notched and occlusion 
poor, right testicle mtra-abdonunal Thymus enlargement was suspected, con- 
firmed by x-ray Radiated six times and being watched for acceleration m 
development 
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increasing the available rcscr\ c supply of licmoglobin, and especially so since there 
IS no considerable rescn^c supply of iron in the body, almost 90 per cent of it 
being found in the blood 

Mtiral Stenosis after the Fifth Decode of Life Bj Erxst P Boas and (by invita- 
Uon) Davxd Pcrlv, New York, N Y 

Llitral stenosis is not uncommon in the si\tli and seventh decades of life Forty- 
six of 1S3 consecutive eases of mitral stenosis studied at Alontcfiorc Hospital 
were over 50 jears of age In most instances it is the end result of a rheumatic 
infection in cluldhood or early adult life The mitral narrowing is not extreme and 
the lesion IS nonprogressive, or very slowly progressive, so that significant s>Tnp- 
toms do not develop for many years Women with such a condition may appar- 
ently undergo many pregnancies without distress and without injury to the 
heart 

In a certain number of eases of mitral stenosis in elderly persons, the valvular 
lesion cannot be interpreted as the end result of an ancient endocarditis but must 
be regarded as a pnmaiy atherosclerosis of the mitral valve and particularly 
aunculovcntncular rmg The characteristic pathological finding is a widespread 
calcification of the mitral ring, encroaching on the lumen of the aunculoventncular 
opening with thickenmg and at times calcification and fusion of the valve cusps 

Cardtographic Differentiation of a Siih-group of Intra-vcntncnlar Block with Ohscr- 
vations on the Prognosis By B S OppENirEntER, M A RorascHiLD, and (by 
mvitation) Hubert ^Evnn, New York, N Y 

In a senes of ten patients a type of electrocardiogram w^as observed with such 
charactenstics that theoretical considerations led us to beheve the prognosis would 
be less senous than in the usual type of arborisation block The electrocardio- 
grams of this group show marked wudenmg and notc h i n g of the Q R S complex, but 
they differ from the usual arborization block in that the changes are confined almost 
entirely to the terminal portion of the second limb of the R w^ave The Q R S 
portion of the electrocardiograms bear a strikmg resemblance to one another 
The voltage, T wave, and P-R mterval present no noteworthy abnormalities 
The teleor-entgenograms show moderate widenmg of the arotic arch 
In a previous senes of mtraventncular block, the mortahty was 52 1 per cent and 
the average duration of hfe after the initial electrocardiogram was only 8 months 
In contrast to this poor prognosis, these ten patients with a sohtaiy exception, 
showed no downward progress either chnically or electrocardiograph ically The 
patients have been followed for from 1 to 9 years, an average of 3^^ years The 
most recent case, and the onlv syphihtic of the senes, died of a lobar pneumonia 
The remaining mne are ambulatory and follow their customary occupations 



lOTEX TO VOLUME I 


595 


Boas, Ernest P , ^tlitral Stenosis after the 
Fifth Decade of Life, 592 

Bock, A. V , The Bate of the Circulation 
of the Blood in Xonnal Resting 
Individuals, 65 

Bock, A V , The Action of Adrenalin Chlo- 
nde on the Circulation in 3Ian, 581 

B 00 thb>, Walter M , Metabolism Studies 
m Exophthalmic Goiter Comphcated 
b> Diabetes, 590 

Boots, Ralph H., The Leucccj-te Curve 
as an Index of the Infection in Rheu- 
matic Fever, 197 

Branch, Arnold, Experimental Studies on 
Rapid Breathing I Tach>pnoea 
Independent of Anoxemia, Resultmg 
from Multiple Emboli in the Pul- 
monary Artenoles and Capillanes, 127 

Branch, Arnold, Experimental Studies on 
Rapid Breathing IT Tachypnoca, 
Dependent upon Anoxemia, Resulting 
from Multiple Emboh m the Larger 
Branches of the Pulmonar> Artery, 
155 

Branch, Arnold, Experimental Pneumonia 
m ilicc following Inhalation of Strep- 
tococcus Hemol>'ticus and of Fned- 
lander Badllus, 570 

Brock, Benjamm, The Resistance of Imma- 
ture Erythrocjles to Heat, 425 

Broun, G Blood Pigments m Permaous 

Anemia, 295 

Broun, G Blood Diazo Reaction m 
Cases with Impaired Renal Function, 
577 

Brow, G R , Experimental Studies on 
Rapid Breathing I Tachypnoea, 
Independent of Anoxemia, Resulting 
from Multiple Emboh in the Pulmo- 
nary Artenoles, 127 

Brow, G R^ Experimental Studies on 
Rapid Breathing II Tachypnoea, 
Dependent upon Anoxemia Resultmg 
ftom Multiple Emboh in the Larger 
Branches of the Pulmonary Artery, 
155 

Brown, George E , Vasomotor Dilatation 
following Sympathcctomv , 575 


Brown, George E , Studies of the Vascular 
Features of Polycythemia A^era, 5S5 
Buck man, Thomas E , A Hypothesis 
Concerning the Transportation of 
Water, 582 

Bulger, Harold A , The Plasma Proteins in 
Relation to Blood Hydration I In 
Normal Individuals and m Mis- 
cellaneous Conditions, 435 
Bulger, Harold Al, The Plasma Proteins 
m Relation to Blood Hydration 
H In Diabetes Mclhtus, 451 
Bulger, Harold A., The Factors Causmg 
Aadosis m Chrome Nephntis, 577 
Burwell, C Sidney, A Method for the 
Determination of the Amount of 
Oxygen and Carbon Dioxide m the 
Mbced Venous Blood, 47 
BurweD, C Sidney, The Gaseous Content 
of the Blood and the Output of the 
Heart in Normal Resting Adults, 87 

Caffem Sodio-Benzoate, Theobromm 
Sodio-Sahcylate, Theophyllm and Eu- 
phyllm on the Coronary Flow and 
Cardiac Action of the Rabbit, The 
Effect of Fred M Smith, G J 
^Miller and V G Grober, 573 
Capniancs and Thebesian A^essels of | 
Human and Cat Hearts, Studies of the. 
Joseph T Weani,572 

CapiUanes, in the Living Human Subject, 
Cmematographic Studies of Skin. 
Alfred E Cohn, J Hamilton Crawford 
and H Rosenberger, 575 
Carbon Dionde m the Mrred Venous 
Blood, A Method for the Determina- 
tion of the Amount of Oxygen and 
C Sidn^ Burwell and G Canby 
Robmson, 47 

Carbon Monoxide and Its Significance m 
Carbon Monoxide Poisoning, The 
Change of the Oxygen Dissociation 
Curv e of Blood by VlHiam C 
Stadie and Eubv A. Jlartin, 578 
Carbon Monoxide Poisoning The Change 
of the Oxygen Dissociation Curve of 
Blood by Carbon Monoxide and Its 



594 


INDEX TO VOLUME I 


Bilirubincmm as Shown by the Icterus 
Index, 579 

Bcttmin, Knlph B , Expcnmcntnl Coro- 
mry Embolism, 574 

Bile Pigment, The Absorption of, from the 
Intestine M A Blankcnhom, 5S2 
Biliary System Function, On William P 
Murphy and Reginald I itr, 579 
Bihrubmemm, The Significance of, as 
shown by the Icterus Index Alice R 
Bcnnhcim and Ncihs B Foster, 579 
Bingcr, CAL, Blood Reaction and Blood 
Gases in Pneumonia, 25 
Binger, CAL, Expcnmcntal Studies on 
Rapid Breathing I Tach}’pnoca, 
Independent of Anoxemia, Resulting 
from Multiple Emboli in the Pulmo- 
nar>" Artcnolcs and Capillaries, 127 
Bingcr, CAL, Experimental Studies on 
Rapid Breathing 11 Tacbj^Dnoca 
Dependent upon Anoxemia, Resulting 
from Multiple Emboli m the Larger 
Branches of the Pulmonary" Artcrj% 
155 

Birkhaug, Konrad E , Studies Concerning 
the Blanchmg Phenomenon m Scarlet 
Fever, 273 

Birkhaug, Konrad E , Prehminary Ob- 
servations on die Toxin of Streptococ- 
cus Er>"sipelatis, 569 

BladJan, Kenneth D , A Study of the 
Diuretic Action of Aad Producing 
Salts, 359 

Blake, Francis G , ObservoiUons on the 
Amount of Scarlatinal Antitoxin Re- 
quired to Cure Scarlet Fever, 570 
Blalock, Alfred, The Effects of Changes in 
Hydrogen Ion Concentration on the 
Blood Flow of Morphmized Dogs, 547 
Blanching Phenomenon in Scarlet Fever, 
Studies concerning the Konrad E 
Birkhaug, 273 

Blankenhom, M A, The Absorption of 
Bile Pigment from the Intestme, 582 
Blood, A Method for the Determination 
of the Amount of Oxygen and Carbon 
Dioxide m the Mixed Venous C 


Sidney Burnell and G Canby 
Robinson 47 

Blood, The Gaseous Content of, The Out- 
put of the Heart in Normal Resting 
Adults and C Sidney Bunnell and 
G Canby Robinson, 87 
Blood Diazo Reaction in Cases nith Im- 
paired Renal Function G 0 Broun, 
^Margaret Riggs and 0 Garaa, 577 
Blood Flon of i\rorphinizcd Dogs, The 
Effects of Changes m Hjdrogcn Ion 
Concentration on the Tinsley Ran- 
dolph Hamson, Charles P Wilson 
and Mfred Blalock, 547 
Blood Flow, The Rale of, as Determined b> 
a New ^Icthod Francis W Peabody, 
Herrmann L Blumgart, and Otto 
C Yens, 582 

Blood Gases in Pneumonia, Blood Reaction 
and A B Hastmgs, J M Neill, 
H J Morgan and CAL Binger, 25 
Blood Hydration, The Plasma Proteins m 
Relation to I In Normal Indi\ad- 
uals and m Miscellaneous Conditions 
John P Peters, Anna J Eisenman and 
Harold A Bulger, 435 
Blood Hydration, The Plasma Protems m 
Relation to H In Diabetes Melh- 
tus John P Peters, Harold A Bul- 
ger and Anna J Eisenman, 451 
Blood Pigments m Pemiaous Anemia 
G O Broun, Ohvia Ames, Sylvia 
Warren and Francis W Peabody, 295 
Blood Reaction and Blood Gases in 
Pneumoma A B Hastings, J M 
NeiU, H J Morgan and CAL 
Bmger, 25 

Blood Sugar Curves, Frequently Repeated, 
m Non-Diabetic Indinduals Stanley 
Cobb and Wm G Lennox, 5S1 
Blood Sugar Level, Observations on the 
So-called Occult Unne Sugar with 
Particular Reference to the L W 
Gorham, Thomas Ordway and Frank 
T Heusted, 5 SO 

Blumgart, Herrmann L , The Rate of 
Blood Flow as Determined by a New 
Method, 5S2 



INDEX TO VOLTOTE I 


597 


Kenneth D BlacLfan and Bengt 
Hamilton, 359 

Dochez, A. The Coating of Bacteria b> 
Agglutmm in Specific Bacterial 
Agglutination, 5S8 

Dyspnoea during Exercise, The Effect of 
Some Pathological Conditions upon. 
L Artificial Stenosis A. 'W’ Haw- 
lett, J K. Lewis and Anna Franklin, 
483 

Edema due to Heart Failure, Observ*a- 
tions on the Use of Novasurol in. 
J Hamilton Crawford and J F 
McIntosh, 333 

Efferent Sj’stem in the Ps>xhic Sphere, The 
Static and Kmetic Representations 
of the, J Ramsaj Hunt, 584 

Eiscnman, Anna J , The Plasma Proteins 
m Relation to Blood Hj’dration. L 
In Normal Individuals and m Miscel- 
laneous Conditions, 435 

Eisenman, Anna J,, The Plasma Proteins 
m Relation to Blood H>dration. IL 
In Diabetes Mclhtus, 451 

Electro-cardiogram, Climcal Obsm^ations 
on the T Wa've of the Auncle Appear- 
mg m the Human. Howard B 
Sprague and Paul D WTute, 389 

Electro-cardiogram, The Influence of Vari- 
ous Factors upon the Length of 
S>’5tole m Man as Measured bj the. 
Howard B Sprague and Paul D White, 
589 

Emboh m the Pumonary Artenoles and 
Capillanes, Tachpnoca, Independent of 
Anoxemia, Resultmg from Multiple 
C A. L Bmger, G R Brow and 
Arnold Branch, 127 

Emboh m the Larger Branches of the 
Pulmonary Artery Tach>Tpnoea De- 
pendent upon Anoxemia, Resultmg 
from Multiple, C L Bmger, 
G R Brow and Arnold Branch, 155 

Energy Expenditure dunng Mechanical 
Whrt. m Obese, Normal and Thin 
People, Solomon Strousc, C C 
Wang, and Zehna Owen, 586 


Endothelial Penneabflitj, Effects of Ar- 
senic Injections on. William F Peter- 
sen and T P Hughes, 572 
Epstein, Albert A. The Reacti\'ation of 
Inactivated Tnsulm m \Ttro and 
m \Tvo, 586 

Eiythrocjtes, Immature, The Resistance 
of, to Heat, (Abstract ) Rapheal 
Isaacs and George R, ilinot, 585 
EuphyUm, The Effects of, on the Coronary 
Flow and Cardiac Action of the Rab- 
bit, Caffem Sodio-Benzoate, Theo- 
bromm Sodio-Sahcjiate, Theophjilm 
and. Fred M Smith, G H. Miller 
and V G Graber, 573 
Exophthalmic Goiter Compheated by 
Diabetes, Metabolism Studies in. 
Walter M. Boothby and Russel M 
Wndcr, 590 

Field, H,, Jr , The Rate of Circulabon of 
the Blood m Normal Resting In- 
dividuals, 65 

Field, H., Jr , The Action of Adrenalin Chlo- 
nde on the Circulation in Man, 581 
Fistulae, Intracardiac- C S BecL, E C 
Cutler and Emile Holman, 589 
Fitz, Regmald, On Biliaiy System Function, 
579 

Foster, Nelhs The Significance of Bih- 
rubmemia as Shown by the Icterus 
Index, 579 

Frantlm, Anna, The Effect of Some Path- 
ological Conditions upon Dj-spnoea dur- 
ingEierase, L Artificial Stenosis, 483 
Fnedlander Baallns, Experimental Pneu- 
monia m Mice following Inhalation of 
Streptococcus Hcmoij'ticus and of 
Ernest G Stillman and Arnold Branch, 
570 

Gamble, James L., The Factors m the 
Deh>dration Following P>*ionc Ob- 
struction, 403 

Gamble, James L,, A Study of the Diuretic 
Action of Aad Producing Salts, 359 
Gamble, James L , A Study of the Effects 
of Pyionc Obstruction m Rabbits, 531 



596 


INDDX TO VOLUAIE I 


Significincc in Willnni C SUidic 
and Kirb> A Marlin, S78 

Carbolndntc Mctiboh<m m Nephritis 
G C Linder, A Ilillcr, and D D 
Van Sl>kc, 217 

Cardiac Action of the Rabbit, The Effect 
of Caffem Sodio Hen/oate, Thcobro 
min Sodio Sahejdate, Thcoph>lhn and 

' Euphylhn on the Coronary Flow and, 
EredM Smith, G H Miller and V G 
Grober, S73 

Cardiac Muscle, Interruption of Complete 
Heart Block b> Sequential Beats in 
Early Diastole Eaemphf>ang Rcco\cry 
Phase of Charles C WoUerth, 588 

Chemotherapy o f Protozoal Infections, Con- 
tribution to the George Baehr, 572 

Chlondcs m the Unne, On tlic Relation 
between Conductivity and H C 
Gram, 21 

Chlondes in Chronic Neplmtis and Uremia, 
A Prehmmary Note on the Blood and 
Ccrcbro Spmal John B Youmans 
and Prank N AVilson, 589 

Cincmatographie Studies of Skin Capil- 
lancs in the Living Human Subject 
Alfred E Conn, J Hamilton Crawford 
and H Rosenberger, 575 

Circulation m Man, The Action of Adre- 
nalin Chlonde on the H Field, Jr 
and A V Bock, 581 

Cobb, Stanley, Frequently Repeated Blood 
Sugar Curves m Non-Diabetic In- 
dividuals, 581 

Cohn, Alfred E , Purposes of Medical 
Research, 1 

Cohn, Alfred E , Evidence that Digitalis 
Influences Contraction of the Heart 
in Man, 97 

Cohn, Alfred E , Cmematographic Studies 
of Skm CapiUanes m the Living 
Human Subject, 575 

Conductivity and Chlondes in the Unne, 
On the Relation between H C 
Gram, 21 

Contraction of the Heart m Man, Evidence 
that Digitalis Influences Alfred E 
Cohn and Harold J Stewart, 97 


Coronir> Plov and Cardiac Action of the 
Rabbit, The Effect of Caffeine Sodio- 
Benroate, Thcobromin Sodio-Salicyl- 
ntc, Thcoph} llin and Euph>lhn on the 
Predial Smith, G H Miller and V G 
Graber, 573 

Coronary Embolism, Expcnmental Wal- 
ter W Hamburger, W S Pnest, Jr , 
and Ralph B Bettman, 574 
Crawford, J Hamilton, Observations on 
the Use of No\asurol m Edema due to 
Heart Failure, 333 

Crawford, J Hamilton, Cinematographic 
Studies of Skin CapiUanes m the 
Lmng Human Subject, 575 
Cullen, G E , The Influence of Tempera- 
ture on Acid-Base Equihbnum in the 
Blood, 587 

Cutler, E C Intracardiac Fistulac, 589 

Darrow, Dan C , A Hypothesis Con- 
cerning the Transportation of Water 
m the Body, 582 

Dehydration PoUowing Pylonc Obstruc- 
tion, The Factors in the James L 
Gamble and S Graham Ross, 403 
Dehydration Following Pylonc Obstruc- 
tion, Factors of (Abstract) James L 
Gamble and Monroe A Mclver, 583 
Diabetes, Metabolism Studies m Exophthal- 
mic Goiter Compheated by Walter 
M Boothby and Russell M Wilder, 590 
Diabetes Melhtus, The Plasma Proteins m 
Relation to Blood H> dration m 
John P Peters, Harold A Bulger, 
and Anna J Eisenman, 451 
Diabetic, Unne, The Optical Activity of 
Glucose as Influenced by Normal and 
John R Paul, 317 

Digitalis Influences Contraction of the 
Heart in Man, Evidence that Alfred 
E Cohn and Harold J Stewart, 97 
Digitahs Therapy, Transient Auncular 
Fibrillation foUowmg, with Observa- 
tions upon the Reaction to Atropine 
Wilham H Resnik, 181 
Diuretic Action of Aad Produemg Salts, 

A Study of the James L Gamble, 



ISDEX TO VOLUiTE I 


599 


Particular Reference to the Blood 
Sugar Lc\el, 5S0 

Hughes, T P , Effects of Arsenic Injections 
on Endothelial Perrneabffitj , 572 
Hunt, J Ramsaj , The Static and Kinetic 
Representations of the Efferent S>’5- 
tem in the Ps\chic Sphere, 5S4 
Hydrogen Ion Concentration on the Blood 
Flow of Morphmized Doga, The 
Effects of Changes m Tinsl^ Ran- 
dolph Hamson, Charles P Wilson 
and Alfred Blalock, 547 
Hyman, H T A., Report of Fift> Patients 
Suffering from Graves’ Disease and 
under Observ'ation for Four Years, 5S5 
Hypertrophv of the Kidne;} after Um- 
lateral Nephrectom>, The effects of 
v’anous Factors on the Degree of 
Compensatory Lois Lockard Mac- 
Kay , ISaton ^lacKay and T Addis, 
576 

Icterus Index, The Significance of Bih- 
rubmemia as Shown b> the. Ahce 
R Bennheim and Kellis B Foster, 579 
I-Hy droxj*steanc Ethyl Ester, Aadosis 
foUowmg the Feedmg of Walter W 
Palmer, Randolph West and Ethel 
Benedict, 578 

Immature Eiyllixocy’tes, The Resistance of, 
to HeaL Raphael Isaacs, Benjamin 
Brock and George R Muiot,425 
Infection, Contribution to the Chemo- 
therapy of Protozoal George Baehr, 
572 

Insulm m \fftro and m Iffvn, The Reacti- 
vntion of Inactive ted Albert A- 
Epstem, 586 

Intestine, Absorption of Bfle Pigment 
from the. A. Blankenhom, 582 
Intracardiac Fistulae, C S Beck, E C 
Cutler and Emile Holman, 589 
Intra-v’entncular Block with Observations 
on Prognosis, Cardiographic Differcn- 
tiation of a Sub-group of B .S 
Oppenh rimer, M A. Rothschild and 
Hubert Mann, 592 

Iodine by ^louth on the Reaction to Intra- 


venous Injections of ThyToim, The 
Effect of Cyrus C Sturgis and 
SalvTidor Zubiran, Gray W Wells 
and Theodore Badger, 584 

Iodine Studies I The Avidity of the 
Thyroid Gland for Vanous lodme 
Compounds m Mtro I M Rabmo- 
witch, 473 

Iron m the Liv er. Spleen and Bone Marrow, 
The Storage of Inorganic and Food 
Charles Spencer "^Tlliamson, 591 

Isaacs, Raphael, The Resistance of Im- 
mature Erythrocytes to Beat, 425 

Isaacs, Raphael, Transfusion of Lympho- 
cytes and their Rapid Disappearance 
from The Circulation of ^lan, 5S3 

Isaacs, Raphael, The R^istance of Imma- 
ture Erythrocytes to Heat (Abstract), 
5S5 

Julianelle, Loins A., A Study of Serological 
Reactions Associated nth Experimen- 
tal Plethora and Plethonc Anemia, 
519 

Karehts, S , Absorption Curv e of Spinal 
Flmd, 587 

Kessel, Leo, A Report of Fifty Patients 
Suffering from Graves’ Disease and 
under Observ'ation for Four Years, 
585 

Kidney After Unilateral Kephrectoray , The 
Effect of Yanous Factors on the 
Degree of Compensatory Hv'pcrtnophy 
of the. Lois Lockard MacKay , Eaton 
M MacKay and T Addis, 576 

Kinetic Representations of the Efferent 
System m the Psyxhic Sphere, The 
Static and. J Ramsay Hunt, 584 

Koessler, Karl K., On Certain Pharmaco- 
dynamic Actions of Bacterial Poisons, 
570 

Kramer, B , Studies bearing on the Com- 
position of Rachitic Bone, 580 

Lathrop, F L , The Rate of the Circula- 
tion of the Blood m Konaal Resting 
Indrvidaals, 65 



598 


iNDE\ TO voLmrr: i 


Gamble, James L, The Factors in the 
Dch>dnUon loIIoxMnR Fjlonc Ob- 
struction (Abstract), 5^3 
Garcia, 0 , Blood Diarxi Reaction m Cases 
vith Impaired Renal 1 unction, 577 
Gelling, F M K , ^riic \ction of Pituitar>^ 
Extract on the Heart of the Un- 
nncsthctircd Dog, 217 
Gcihng, E K , The Action of Pituitary 
Tartrate on the Heart of the Un- 
nncsthctircd Dog, 239 
GifTm, Herbert Z , Studies of the Vascular 
Features of PoKcjthcmia Vera, 585 
Gildca, E r , The Rate of Cirailation of 
the Blood m Normal Resting In- 
dmduals, 65 

Glucose as Influenced b} Normal and Dia- 
betic Unne, The Optical Acti\it> of 
John R Paul, 317 

Gordon, Burgess, The ^Icclnnism of Death 
from Quimdinc and Jlcthods of Resus- 
atalion, An Expcnmental Study, 497 
Gordon, Burgess, The Mechanism of Death 
from Quinidmc and a Method of 
Resuscitation, An Experimental Study 
(Abstract), 591 

Gorham, T W , Observations on the So- 
called Occult Unne Sugar with 
Particular Reference to the Blood 
Sugar Level, 580 

Graber, V G , The Effect of Caffcm Sodio- 
Benzoate, Theobromm Sodio-Sahc>d- 
ate, Theophyllin and Euphyllm on the 
Coronary Flow and Cardiac Action of 
the Rabbit, 573 

Gram, H C , On the Relation between Con- 
ducbvity and Chlondes m the Unne, 
21 

Graves’ Disease, A Report of Fifty Patients 
Suffering from, and under Observation 
for Four Years Leo Kessell and HL T 
Hyman, 585 

Gray, H , Thymus Enlargement, 590 

Hamburger, Walter W , Experimental 
Coronary Embolism, 574 
Hamilton, Bengt, A Study of the Diuretic 
Action of Aad Producing Salts, 359 


Harn-^on, Tm<^lc} R«andoIph, The Effects 
of Changes in Hydrogen Ion Concen- 
tration on the Blood FIou of Morphin- 
j7cd Dog^, 517 

Hastings, A B , Blood Reaction and Blood 
Gases in PneumonLa, 25 

Ha> Fmer, The Results of Treating the 
Same Patient m Pour or more Succes- 
sive Years Francis Rackemann, 
571 

Heart in Man, Evndcnce that Digitalis 
Influences Conlracbon of Alfred E 
Cohn and Harold J Stcv,art, 97 

Heart, The Acbon of Pituitary Extract 
on the, of the Unancsthctized Dog 
William H Rezmk and E M K 
Gelling, 217 

Heart, The Acbon of Pituitary Tartrate 
on the, of the Unancsthctized Dog 
E M K Geilung and W^ilham H* 
Reznik, 239 

Hearts, Studies of the CapiUanes and 
Thebesian Vessels of Human and Cat 
Joseph T W^eam, 572 

Heart Failure, Observabons on the 
Use of Novasurol m Edema due to 
J Hamilton Cranford and J F 
IHcIntosh, 333 

Heart Disease, Experimental George R 
Herrmann, 574 

Heart Block by Sequenbal Beats m 
Early Diastole Exemplifying Recovery 
Phase of Cardiac Muscle, Intemipbon 
of Complete* Charles C Wolferth, 
588 

Herrmann, George R , Expenmental Heart 
Disease, 574 

Hewlett, A W , The Effect of Some Path- 
ological Condibons upon Dyspnoea 
dunng Exercise I Artificial Steno- 
sis, 483 

Hiller, A , Carbohydrate Metabolism in 
Nephnbs, 247 

Holman, Emile, Intracardiac Fistulae, 589 

Howland, J , Studies Bearmg on the 
Composibon of Rachibc Bone, 580 

Heusted, Frank T , Observations on the 
So-called Occifit Unne Sugar with 



INDEX TO VOLUME I 


601 


Neill, J Ikl, Blood Reacbon and Blood 
Gases m Pneumonia, 25 

Ncplmbs, The Factors Causing Aadosis 
in Chronic. Harold A. Bulger and 
John P Peters, 577 

Nephntis, Carboh>drate Jletabolism in. 
G C Linder, A. Hiller and D D Van 
Sbke, 247 

Ncphrcctomj , The Effect of Vanous Fac- 
tors on the Degree of Compensatory 
Hj*pertrDph> of the Kidnej after 
Unilateral Lois Lockard hlacEay, 
Eaton M MacEa> and T Addis, 576 

No\'asurol m Edema due to Heaxt Failure, 
Ob£ei%*abonsontheUscof J Hamil- 
ton Crawford and J F Mdntosh, 333 

N>e, Robert N, Culb\’abon of \accine 
\lrus m Artificial Media, 569 

Occult Unne Sugar with Parbcular Refer- 
ence to the Blood Sugar Lervel, Ob- 
seri’ations on the So-called T 
Gorham, Thomas Ordwaj and Frank 
T Huested, 5S0 

Oppenheimer, B S , Cardiographic Differ- 
entiation of a Sub-group of Intra- 
\cntncular Block with Observations 
on Prognosis, 594 

Optical Activit> of Glucose as Influenced 
by Normal and Diabetic Unne, The. 
John R Paul, 317 

Ordway, Thomas, Observations on the 
So-called Occult Unne Sugar with 
Particular Reference to the Blood 
Sugar Level, 5S0 

Output of the Heart m Normal Resting 
Adults, The Gaseous Content of the 
Blood and the. C Sidn^ BurweH 
and G Canbj Robinson, 87 

Owen, Zelma, Energy Expenditure durmg 
Mechamcal Work m Obese, Normal 
and Thin People, 5S6 

Ox>’gen and Carbon Daonde m the ^Miied 
Venous Blood, A Method for the 
Determination of the Amount of 
C Sidne> Burwell and G Canby 
Robinson, 47 

Oxygen Dissociation Curve of Blood by 


Carbon Mononde and its Significance 
m Carbon Mononde Poisoning, The 
Change of the. William C Stadie 
and Kirb> A. ilartin, 578 

Palmer, V alter W , Aadosis following the 
Feedmg of I-Hj droiystcanc Ethyl 
Ester, 578 

Pancreatic Juice, The Effect of Excluding 
from the Duodenum on the MotSity 
of the Stomach and Small Intestine 
J H. Pratt and L Whitaker, 5S2 
Parker, Fredenck, Jr , Cultivation of 
Yaceme Mrus m Artificial Media, 569^ 
Paul, John R,, The Optical Activity of 
Glucose as Influenced bj Normal and 
Diabetic Unne, 317 

Peabodj, Franas W., The Rate of Blood 
Flow as Determined by a New 
Method, 582 

Peabod>, Franas W., Blood Pigments m 
Pernicious Anemia, 295 
Pepper, O H. Perrj, Studies on the 
Specific Gravit> of the Unne, 13 
Pexmaous Anemia, Blood Pigments m. 
G 0 Broun, Olma Ames, Sjlvia 
Warren and Franas W Peabod>, 
295 

Perla, David, Mitral Stenosis after the 
Fifth Decade of Life, 592 
Peters, John P , The Factors Causing 
Aadosis m Chrome Nephntis, 577 
Peters, John P., The Plasma Protems m 
Relation to Blood H^’dration I In 
Normal Indmduals and In ilisccl- 
laneous Conditions, 435 
Peters, John P., The Plasma Protems m 
Relation to Blood H> dration. IL In 
Diabetes Mclhtus, 451 
Petersen, William F., Effects of Arsenic 
Injections of Endothelial Perme- 
abflit^ , 572 

Pitmtary Extract, The Action of, on the 
Heart of the Unanesthetized Dog. 
VlTliam H. Resnik and E. M K. 
Gelling, 217 

Pitmtai> Tartrate, The Action of, on the 
Heart of the Unanesthetized Dog 



600 


INDF.X TO VOLUME I 


Lcnnot, Wm G, Frcqucntl} Kcpcilcd 
Blood Sujnr Cunc*^ in Non-T)iabctic 
IndwiduMs^ 581 

Lcucoc>lc Ciinc ns an Index of the Infec- 
tion m RhcumiUc I c\ cr^ The 
Homer F Swift, C Flnhp Miller, Jr 
and Ralph H Boots, 197 

Lenne, S A , Tlic Mechanism of Death 
from Quinulinc and a T^fethod of 
Resuscitation, An Lxpcnmcntal 
Study, 497 

Lewis, Julian H , On Certain Plnrmaco- 
d>mamic Actions of Bacterial Poisons, 
570 

Lew IS, J K , The Effect of Some Pathologi- 
cal Conditions Upon D\*spnoca during 
Exercise I Artificial Stenosis, 483 

Linder, G C , Carboh> dratc Metabolism 
m Nephntis, 247 

L^rniphoc^lcs and their Rapid Disappear- 
ance from the Circulation of Man, 
Transfusion of Rapheal Isaacs and 
George R Minot, 583 

MacKay, Lois Lockard, The Effect of 
Vanous Factors on tlic Degree of 
Compensatory H^q^ertrophy of the 
Kidney after Unilateral Nephrectomy, 
576 

MacKay, Eaton M , The Effect of Vanous 
Factors on the Degree of Compensa- 
tor H3q)ertrophy of the Kidney after 
Unilateral Nephrectomy, 576 

Mann, Hubert, Cardiographic Differentia- 
tion of a Sub-group of Intra-ventncu- 
lar Block with Observations on 
Prognosis, 592 

Mamott, W McK , Studies bearing on the 
Composition of Rachitic Bone, 580 

Martin, Kirby A , The Change of the 
Oxygen Dissociation Curve of Blood 
by Carbon Monoxide and its Signifi- 
cance in Carbon Monoxide Poisoning, 
578 

Matton, Marcel, The Mechanism of 
Death from Qmnidme and a Method 
of Resusatation An Experimental 
Study, 497 


McIntosh, J F , Obscnations on the Use 
of No\asurol m Ldema due to Heart 
I Allure, M3 

Mcl\cr, i^fonroc A , A Stud> of the Effects 
of P>lonc Obstruction m Rabbits, 
531 

McT\cr, Monroe \ , Factors of Dehydra- 
tion following P>lonc Obstruction 
(Abstract), 5S3 

Medical Research, Purposes of Alfred 
E Cohn, 1 

]Millcr, G II , The Effects of Caffcin Sodio- 
Benroate, Thcobromm Sodio-Salic>I- 
atc, Thcoph}llin and Euphyllm on the 
Coronar> Flow and Cardiac Action of 
the Rabbit, 573 

Miller, C Philip, Jr , The Lcucoc>lc Cur\c 
os an Index of the Infection m Rheu- 
matic Fcicr, 197 

JImot, George R , The Resistance of Im- 
mature Er} throc> tes to Heat, 425 

Minot, George R , Transfusion of L^anpho- 
cytes and their Rapid Disappearance 
from the Circulation of IMan, 5S3 

Minot, George R , The Resistance of Im- 
mature Er)Throc}i;es to Heat (Ab- 
stract), 585 

hlitral Stenosis after the Fifth Decade of 
Life Ernest P Boas and Daxad 
Perla, 592 

Mixed Venous Blood, A ]Method for the 
Determination of the Amount^ of 
Oxygen and Carbon Dioxide m the 
C Sidney Burweli and G Canby 
Robinson, 47 

Morgan, H J , Blood Reaction and Blood 
Gases in Pneumoma, 25 

Motihty of the Stomach and Small Intes- 
tine, The Effect of Excluding Pan- 
creatic Juice from the Duodenum on 
the J H Pratt and L Whitaker, 
582 

Murphy, Wdbam P , On Biliary S 3 ^tem 
Function, 579 

Muscular Fatigue, The Effects of 
Adrenalectomy and Adrenal Cortex 
Extracts m J C Aub and Walter 
Bauer, 579 



DTDEX TO VOLTOCE I 


603 


Rate of Circulation of the Blood in Normal 
Resting Individuals H Field, Jr , 
A \ Bock, E r Gildca and F L 
Lathrop, 65 

Renal Function, Blood Diazo Reaction in 
Cases ^ith Impaired G O Broun, 
Margaret Riggs and O Garaa, 577 

Resusatation, The Mechanism of Death 
from Quimdine and Methods of an 
Eipcnmcntal Stud> Burgess Gor- 
don, lilarccl Matton and S A Levine, 
497 

Resnik, William H., Transient Auncular 
Fibrillation Following Digitalis 
Therapy , with Observations upon the 
Reaction to Atropme, 181 

Resnik, WTham H-, The Action of Pitm- 
tar> Extract on the Heart of the Uh- 
anesthetized Dog, 217 

Resnik, WTUiam H , The Action of Pitm- 
tarv Tartrate on the Heart of the Un- 
anesthetized Dog, 239 

Rheumatic Fever, The Lcucocj'te Curve 
as an Index of the Infection in 
Homer F Swift, C Phflip Miller, Jr , 
Ralph H. Boots, 197 

Riggs, Margaret, Blood Diazo Reaction m 
Cases with Impaired Renal Function, 
577 

Robinson, H. W , The Influence of Tem- 
perature on Aad-Base Equilibnum in 
the Blood, 587 

Robinson, G Canb 3 , A Method for the 
Determination of the Amoxmt of Ox> - 
gen and Carbon Dioxide m the ^Iixed 
Venous Blood, 47 

Robmson, G Canbv , The Gaseous Content 
of the Blood and the Output of the 
Heart in Normal Resting Adults, S7 

Ross, S Graham, The Factors m the De- 
hvdration Following P>lonc Obstruc- 
tion, 403 

Rosenberger, Cmematograpbic Studies 
of Skm CapiUanes m the Living Sub- 
ject, 575 

Rothschild, M A., Cardiographic Difleren- 
tiatioD of a Sub-group of Intra- 


vcntncular Block with Observations 
on Prognosis, 592 

Rowntrec, Leonard G^ Vasomotor Dilata- 
tion following S)Tnpathectom> , 575 

Scarlet Fever, Studies m I Studies 
Concermng the Blanching Phenome- 
non m Scarlet Fevxr Eonrad E 
Birkhaug, 273 

Scarlet Fev er, Observations on the Amount 
of Scarlatinal Andtoxm Required to 
Cure. James D Trask and Francis G 
Blake, 570 

Scarlatmal Antitoxin Required to Cure 
Scarlet Fev’cr, Observ-ations on the 
Amount of James D Trask and 
Franas G Blake, 570 
Slilble>, Gerald The Coating of Bac- 
teria b> Agglutinin m Specific Bac- 
terial Agglutination, 5SS 
Shohl, A. T , Absorption Curv e of Spmal 
Fluid, 587 

Smith, Fred M , The Effect of Caffem 
Sodio-Benzoate, Theobromm Sodio- 
Sahejdate, TheophjUm and Euph 5 dlai 
on the CoronaT> Flow and Cardiac 
Action of the Rabbit, 573 
Specific Gravnt^ of the Urme, Studies on 
the. O H. Perr> Pepper, 13 
Spinal FImd, Absorption Curve oL A. T 
Schohl and S Karehtz, 587 
Sprague, Howard B., Clmical Observa- 
tions on the T WTave of the Auricle 
appearing m the Human Electro- 
cardiogram, 3S9 

Sprague, Howard B., The Influence of 
A anous Factors upon the Length of 
S>*stole m ^lan as Measured b> the 
Electro-cardiogram, 5S9 
Stadie, WHliam C , The Change of the 
Oi>’gen Dissociation Curve of Blood 
bj Carbon ilononde and its Signifi- 
cance m Carbon Mononde Poisoning, 
578 

Static, and Emetic Representations of the 
Efferent S>*5tem m the Ps>’chic 
Sphere, The. J Ramsay Hunt, 5S4 
Stewart, Harold J., Evadence that Digitalis 



602 


JKm\ TO VOIUMF I 


1 M K rfcihnj' nnd ilium II 
Kcomk, 2VJ 

riosnn Trolcm*; in J^chtion to lUood 1T\- 
dntion I In Normal IndixnUnls 
nnd in Mi'^cclhiu^nu*^ Conditions the 
John P Pctcr*>, Anna J ri<cnman, 
Harold A 

Plasma Prolcins m Relation to Blood 
n>dntion, Tlic, IT In Diabetes 
Mclhtus John P Peters, Harold A 
Bulger and Anna J Liscnman, dSl 
Plclhora and Plethoric Anemia, An Eapen- 
menial Stud> of Scrolopcal Reactions 
Associated ^^lth Louis A Julnncllc 
and Carlos A Pons, SIO 
Plethoric Anemia, An Dapcnmcntal Stud> 
of Serological Reactions Assoaalcd 
with Plethora and Louis A Juhan- 
cllc and Carlos A Pons, 519 
Pneumonia, Blood Reaction and Blood 
Gases m A B Hastings, J M Neill, 
H J iloTgan and CAL Bingcr, 25 
Pneumonia, Experimental, m Mice follow- 
ing Inhalation of Streptococcus Hcrao- 
lyticus and of Fncdlandcr Bacillus 
Ernest G Stillman and Arnold Branch, 
570 

Poisoning, Carbon Monoxide, The Change 
of the Oxygen Dissociation Curve of 
Blood by Carbon Monoxide and Its 
Significance m AA^ilham C Sladic 
and Elirby A Martin, 578 
Polyc 3 ^emia Vera, Studies of the Vascular 
Features of George E Brown and 
Herbert Z Gnffm, 585 
Pons, Carlos A, A Study of Serological 
Reactions Assoaated w ith Experi- 
mental Plethora and Plethonc Anemia, 
519 

Pratt, J H , The Effect of Excludmg Pan- 
creatic Jiuce from the Duodenum 
on the Motihty of the Stomach and 
Small Intestme, 582 

Prognosis, Cardiographic Differentiation 
of a Sub-group of Intraventricular 
Block wnth Observations on B S 
Oppenheimer, M A Rothschild and 
Hubert Mann, 592 


Prolo7oal Infect ion<, Conlnbution to the 
riRmothcripv of George Bachr, 
S72 

Priest, A\ S , Jr , I xpcnmcntal Coronar> 
1 mboh^m, 57 1 

P^vchic Sphere, The Static and Kinetic 
Representations of the LtTcrent S>&- 
tem in the J Ram«^c> Hunt, '584 

Pvlonc OhsinicUon, Tlic Factors in the 
Dchvdration lolloving James L 
Gamble and S Graham Bos':, 403 

Pvlonc Obstruction in Rabbits, A Stud> of 
the Luccts of James L Gamble and 
I^Ionroc \ IMcIver, 531 

Pvlonc Obstruction, Factors ofDch>dra- 
lion lollowing (Abstract) James L 
Gamble and Monroe A Mclvcr, 583 

Quinidmc and a ^Icthod of Resuscitation, 
Tlic Mechanism of Death from, An 
Expcnmcntal Studv Burgess Gor- 
don, J^Iarcel Matton, and S A Levanc, 
497 

Rabinowitch, I M, lodmc Studies I 
The A\adit> of the T>i)hoid Gland for 
Vanous Iodine Compounds m Vitro, 
473 

Rackemann, Francis M , Hay Fever The 
Results of Treating the Same Patient 
in Four or More Successn e Years, 571 

Rachitic Bone, Studies bearing on the 
Composition of W IMcK Mamott, 

B Kramer and J Howland, 580 

Rapid Breathing, Expenmental Studies 
on I Tachypnoca, Independent of 
Anoxemia, Resultmg from ^Multiple 
Emboh in the Pulmonary Artenoles 
and Capillaries, Experimental Studies 
m CAL Binger, G R Brow and 
Arnold Branch, 127 

Rapid Breathing, Experimental Studies on 
n Tachypnoea, Dependent upon 
Anoxemia, Resulting from Multiple 
Emboh m the Larger Branches of the 
Pulmonary Artery CAL Bmger, 

G R Brow, and Arnold Branch, 
155 



IKDEK TO VOLUltE I 


605 


\ tcane Mrus in Artificnl Mcdui Cultun* 
lion of Robert \ \>cind Frcdcnck 
Parke-, Jr^ S69 

\an SKkc, D D , Carboh>dratc 
bn in Kq^hnli5, 247 

\ajoniotor DHataiion fotlonmj: S^’Inpath- 
ccloin\ Leonard G Rownlrcc and 
George IL Brown, 575 

\caoiis Blood, \ Method for the Deter* 
nnnation of the /Vmoant of Ox>’f;cn 
tuid Carbon Diondc in the Mixed 
C Sidno BurwcH and G Canb> 
Robinson, 47 

^ang, C C,, Encrp> Expenditure during 
Mechanical Work m Obese, Xonnal 
and Thin People, 5S6 

barren, SvUna, Blood Pigments m Per- 
niaous Anemia, 295 

^ atcr in the Bod> , A Hypothesis Concern- 
ing the Transportation of Thomas 
E Buckman and Dan C Darrow, 582 

^ cam, Joseph T , Studies of the CapOlanes 
and Thebesian \ cssels of Human and 
Cat Hearts, 572 

^clls, Gra> W , The Effect of Iodine by 
Alouth on the Reaction to Intra\ enous 
Injections of Thyroxin, 5S4 

West, Randolph, Aadosis following the 
Feeding of I-Hjoiroxystcanc Etb^ 
Ester, 578 

White, Paul D , The Influence of Various 
Factors Upon the Length of Systole 
in Man as Measured by the Electro- 
cardiogram, 589 

ViTiite, Paul D^ Climral Observations on 


the T \\a\c of the Auncic appearing 
in the Human Electro-cardiogram, 
3S9 

MJiitaJcr, L, The Effect of Excluding 
Pancreatic Juice from the Duodenum 
on the Motility of the Stomach and 
Small Intestme, 582 

MUson, Franl X , A Preliminary Note on 
the Blood and Ccrcbro-Spmal Chlor- 
ides m Chronic Xcphntis and Uremia, 
5S9 

MTlson, Charles P , The Effects of Changes 
in Hydrogen Ion Concentration on 
the Blood Flo^ of iforphinized Dogs, 
547 

Wilder, Russel M , Metabolism Studies m 
Exophthalmic Goiter Compbeated by 
Diabetes, 590 

WUhamson, Charles Spencer, The Storage 
of Inorgamc and Food Iron m the 
Li\ er, Spleen and Bone Marrow, 591 

W olferth, Charles C , Interruption of Com- 
plete Heart Block by Sequential Beats 
m Early Diastole Exemplifying Rccoa- 
ciy Phase of Cardiac iluscle, 588 

Yens, Otto The Rate of Blood Flow as 
Determined by a Xew jSIcthod, 582 

Youmans, John B , A Preliminary Note 
on the Blood and Ccrebro-Spmal 
Chlondes m Chrome Ncphntis and 
Uremia, 5S9 

Zubiran, Salvador, The Effect of Iodine by 
Mouth on the Reaction to IntIa^ enous 
Injections of Thyroxin, 584 



604 


INDLK TO VOLUME 1 


Influences Contnction of llic Ilcirl in 
Man, 97 

Stillman, Ernest G , Expcnmcntal Pneu- 
monia in l^Iicc Follow inp Inhalation of 
Streptococcus Hemol} ticus and of 
rncdhndcr Bacillus, 570 

Streptococcus Er> sipclatis, Prcliminar} 
Observations on the To\m of H L 
Amoss and Konrad E Birkhaug, 569 

Streptococcus IlcmoU ticus and of Fned- 
landcr Bacillus, EM^enmcnlal Pneu- 
monia in Mice follow mg Inhalation of 
Ernest G Stillman and Arnold Branch, 
570 

Strousc, Soloman, Energy Expenditure 
durmg Mechanical Work in Obese, 
Normal and Tliin Feopfe, 5S6 

Sturgis, CjTus C , The Effect of Iodine by 
IMouth on the Reaction to Intra\ cnous 
Injeebons of Th>Toxin, 584 

Swift, Homer F , The Leucoc>lc Curve as 
an Index of the Infection m Rheu- 
matic Fc\er, 197 

S>Tnpathectomy, Vasomotor Dilation fol- 
low^mg Leonard G Rowntrcc and 
George E BrowTi, 575 

Systole in !Man as Pleasured b}" the Elec- 
tro-cardiogram, the Influence of Van- 
ous Factors upon the Length of 
How^ard B Sprague and Paul D 
VTute, 589 

T Wave of the Auncle appeanng in the 
Human Electro-cardiogram, Clinical 
Observations on, 389 

Tachypnoea, Independent of Anoxemia, 
Resultmg from Multiple Emboh m the 
Pulmonary Artenoles and Capillanes 
CAL Bmger, G R Brow and 
Arnold Branch, 127 

Tachypnoea, Dependent upon Anoxemia, 
Resultmg from Multiple Emboh m the 
Larger Branches of the Pulmonary 
Artery CAL Bmger, G R Brow 
and Arnold Branch, 155 

Thebesian Vessels of Human and Cat 
Hearts, Studies of the Capillanes and 
Joseph T Weam, 572 


Thcoph>lIin and Euph>llin on the Coron- 
ar>^ I low and Cardiac Action of the 
Rabbit, The Effect of Caffcm Sodio- 
Benzoate, Thcobromin Sodio-Salic>d- 
atc Fred M Smith, G H Miller 
and V G Graber, 573 
Tlicobromm Sodio Salicylate, Thcophyllm 
and Euph>Ilin on the Coronarj" Flow 
and Cardiac Action of the Rabbit, The 
Effects of Caffcm Sodio-Bcnzoatc 
Fred M Smith, G H Miller and V G 
Graber, 573 

Th\Tnus Enlargement H Gray, 590 
Th>roxm, The Effect of Iodine by Mouth 
On the Reaction to Intra^ cnous Injec- 
tions of C>rus C Sturgis, Salvador 
Zubiran, Gra> \V Weifs and Theodore 
Badger, 5S4 

ThjToid Gland for Vanous lodme Com- 
pounds m Vitro, The A\adity of the 
I hi Rabmowitch, 473 
Toxin of Streptococcus Er>’sipclatis, Pre- 
liminary Observations on the H L 
Amoss and Konrad E Birkhaug, 569 
Transportation of Water m the Body, A 
Hy^iothcsis Concemmg the Thomas 
E Buckman and Dan C Darrow, 582 
Transfusion of Lymphocy^tes and their 
Rapid Disappearance from the Circu- 
lation of Man Raphael Isaacs and 
George R Mmot, 583 
Trask, James D , Observations on the 
Amount of Scarlatinal Antitoxm Re- 
quired to Cure Scarlet Fever, 570 

Urme, Studies on the Specific Gra\aty of 
the 0 H Perry Pepper, 13 
Unne, On the Relation between Con- 
ductivity and Chlondes m H C 
Gram, 21 

Urme, The Optical Activity of Glucose as 
Influenced by Normal and Diabetic 
John R Paul, 317 

Uremia, A Prehmmary Note on the Blood 
and Cerebro-Spmal Chlondes m 
Chrome Nephntis and Uremia Jolin 
B Youmans and Frank N Wilson, 
589 




